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Abbreviations 

ADHD/ADHS Attention deficit hyperactivity disorder/ 

Aufmerksamkeitsdefizit-/Hyperaktivitätsstörung 

HRV Heart rate variability/Herzratenvariabilität 

PTSD Post-traumatic stress disorder 

OCD Obsessive-compulsive disorder 

DALYS Disability-adjusted life years  

vmHRV Vagally-mediated heart rate variability  

HRV-RMSSD Root mean square of successive  

Differences between normal heartbeats 

BCT Behavior change technique 

LMM Linear mixed model 

SEM Structural equation modeling  

RCT Randomized controlled trial 

TAU Treatment as usual 
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Zusammenfassung 

Psychische Erkrankungen treten sehr häufig auf und gehen mit starken 

persönlichen und gesamtgesellschaftlichen Beeinträchtigungen einher. Zu den 

häufigsten psychischen Erkrankungen in Deutschland zählen depressive Störungen, 

Angststörungen und Insomnie. Sie treten häufig komorbid untereinander und mit 

anderen Störungsbildern, wie beispielsweise der Aufmerksamkeitsdefizit-

/Hyperaktivitätsstörung (ADHS), auf. Die hohe Komorbidität könnte ein Hinweis darauf 

sein, dass diese Erkrankungen durch geteilte zugrundeliegende (transdiagnostische) 

Mechanismen entstehen und aufrechterhalten werden. Um diese Erkrankungen 

gleichzeitig wirksam behandeln zu können, braucht es daher Interventionen, die diese 

transdiagnostischen Mechanismen beeinflussen. Sportinterventionen können die 

Symptome von depressiven Störungen, Angststörungen, Insomnie sowie ADHS 

wirksam reduzieren. Wissenschaftliche Befunde weisen darauf, dass die Wirksamkeit 

über verschiedene Störungsbilder hinweg damit begründet werden kann, dass 

sportliche Aktivität eine positive Wirkung auf die Fähigkeit zur adaptiven Reaktion auf 

Stressoren (adaptive Stressbewältigung) haben kann. Maladaptive Stressbewältigung 

hingegen kann die genannten psychischen Erkrankungen bedingen und 

aufrechterhalten. Sportinterventionen scheinen nachhaltig wirksam zu sein, wenn sie 

Teilnehmende dazu befähigen langfristig sportlich aktiv zu sein und Sport bewusst 

gegen negativen Affekt (inklusive Stress) einzusetzen. Die Annahmen bezüglich der 

störungsbildübergreifenden Wirksamkeit von Sportinterventionen bzw. der 

transdiagnostischen Wirkmechanismen beruhen jedoch lediglich auf theoretischen 

Überlegungen, Longitudinal- bzw. Querschnittsstudien und experimentellen Studien 

mit gesunden oder störungsspezifischen Stichproben. Darüber hinaus gibt es wenige 

experimentelle Studien, die Wirkmechanismen von Sportinterventionen mit 

Mediationsanalysen untersucht haben. Daher kann geschlussfolgert werden, dass die 

störungsübergreifende Wirksamkeit von Sportinterventionen und deren 

transdiagnostischen Wirkmechanismen noch nicht ausreichend untersucht wurden. 

Dies ist jedoch wichtig, um die Wirksamkeit von Sportinterventionen zu verbessern und 

auf die Bedürfnisse diagnostisch heterogener psychischer Erkrankungen anzupassen. 

Es gibt es außerdem kaum Langzeitstudien von Sportinterventionen, die es erlauben, 

valide Aussagen über langfristig wirksame Komponenten von Sportinterventionen zu 

treffen. Anhand der selbstentwickelten Sportintervention ImPuls testeten wir die kurz- 

und langfristige Wirksamkeit einer Sportintervention in einer diagnostisch heterogenen 
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klinischen Stichprobe. Wir untersuchten transdiagnostische Wirkmechanismen, die 

der kurz- und langfristigen Wirksamkeit zugrunde liegen könnten. ImPuls integriert 

evidenz-basierte Komponenten für eine wirksame Symptomreduktion über 

verschiedene Störungsbilder hinweg. Wir nutzten Selbstberichte zu 

störungsspezifischer und globaler Symptomatik sowie zu transdiagnostischen 

Mechanismen. Außerdem wurde ein physiologischer Indikator für die Fähigkeit zur 

adaptiven Stressbewältigung (Herzratenvariabilität, HRV) eingesetzt. 

Zusammengefasst zeigen die Ergebnisse dieser Studie, dass eine Sportintervention 

gleichzeitig die störungsspezifische und globale Symptomatik von Depressionen, 

Angststörungen, Insomnie und ADHS verbessern kann (Manuskript 1). Diese 

Symptomverbesserung über alle Störungsbilder hinweg scheint durch eine Steigerung 

der sportlichen Aktivität (Manuskript 1) und insbesondere der Steigerung der adaptiven 

Stressbewältigung bedingt zu sein (Manuskript 2). Auch ein Jahr nach 

Interventionsende konnte die Symptomverbesserung und gesteigerte Sportaktivität 

aufrechterhalten werden. Verantwortlich für die langfristige Wirksamkeit scheint 

insbesondere das Lernen der bewussten Anwendung von sportlicher Aktivität als 

Affektregulation zu sein (Manuskript 3). Die vorliegende Arbeit erweitert den aktuellen 

Forschungsstand bezüglich des Einsatzes von Sportinterventionen als Behandlung bei 

psychischen Erkrankungen, indem eine diagnostisch heterogene klinische Stichprobe 

gewählt wurde und kurz- und langfristige transdiagnostische Wirkmechanismen mit 

robusten statistischen Methoden untersucht wurden. Die im Rahmen der Dissertation 

durchgeführte Studie weist auf die transdiagnostische und langfristige Wirksamkeit von 

Sportinterventionen hin, wenn die Intervention auf die Verbesserung der adaptiven 

Stressbewältigung abzielt und Teilnehmende dazu befähigt regelmäßige sportliche 

Aktivität als Affektregulations-Strategie zu nutzen. Stärken und Limitationen der Studie 

sowie praktische Implikationen der Ergebnisse werden in dieser Dissertation detailliert 

dargestellt. Es werden zudem relevante zukünftige Forschungsaufgaben diskutiert.  
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Summary 

Mental disorders occur very frequently and are associated with severe personal 

and social impairment. Depressive disorders, anxiety disorders and insomnia are 

among the most common mental disorders. They often occur comorbidly with each 

other and with other mental disorders, such as attention deficit hyperactivity disorder 

(ADHD). The high comorbidity may indicate that these disorders are caused and 

maintained by shared underlying (transdiagnostic) mechanisms. Therefore, to 

effectively treat these disorders simultaneously, interventions that beneficially impact 

these transdiagnostic mechanisms are needed. Exercise interventions can 

efficaciously reduce symptoms of depressive disorders, anxiety disorders, insomnia, 

as well as ADHD. Scientific evidence indicates that the efficacy of exercise 

interventions across diagnostically heterogenous mental disorders may be due to their 

potential to increase the ability to adaptively respond to stressors (coping). In contrast, 

maladaptive stress coping can cause and maintain the aforementioned mental 

disorders. Beneficial effects of exercise interventions seem to be maintained if they 

enable participants to exercise regularly in the long-term and to use exercise 

intentionally to reduce negative affect (including stress). However, these assumptions 

regarding the efficacy of exercise interventions across disorders and transdiagnostic 

mechanisms of action are based only on theoretical considerations, longitudinal or 

cross-sectional studies, and experimental studies with healthy or disorder-specific 

samples. Moreover, experimental studies are needed that investigate these 

mechanisms of action by the conduction of mediation analyses. Therefore, it can be 

concluded that the efficacy of exercise interventions across heterogenous diagnoses 

and their transdiagnostic mechanisms of action have not been sufficiently investigated. 

However, this is important to improve the efficacy of exercise interventions and to tailor 

them to the needs of diagnostically heterogeneous mental disorders. Furthermore, 

follow-up periods of exercise trials have been rarely conducted which limits valid 

assumptions about long-term efficacious components of exercise interventions. 

Conducting the self-developed exercise intervention ImPuls, we tested the short- and 

long-term efficacy of an exercise intervention in a diagnostically heterogeneous clinical 

sample. We examined transdiagnostic mechanisms of action that might underlie short- 

and long-term efficacy of exercise interventions. ImPuls integrates the most efficacious 

evidence-based components for symptom reduction across diagnostically 

heterogenous outpatients. We used self-reported measures to assess disorder-
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specific and global symptom severity as well as transdiagnostic mechanisms. We also 

used a physiological indicator of the ability to adaptively cope with stressors (heart rate 

variability, HRV). In summary, the results of this study demonstrated that an exercise 

intervention can simultaneously reduce disorder-specific and global symptom severity 

across depressive disorders, anxiety disorders, insomnia, and ADHD (Manuscript 1). 

Reductions of symptoms across all disorders seem to be due to an increase in exercise 

(Manuscript 1) and, particularly, an increase in the ability to adaptively cope with 

stressors (Manuscript 2). Symptom reductions and the increase in exercise were also 

maintained one year after the end of the intervention. Adopting the intentional use of 

exercise as an affect regulation strategy seems to underlie the long-term efficacy 

(Manuscript 3). The present dissertation extends the current state of research on the 

use of exercise interventions as a treatment for mental disorders by choosing a 

diagnostically heterogeneous clinical sample and examining short- and long-term 

transdiagnostic mechanisms of action with robust statistical methods. The study 

conducted in the context of this dissertation indicates transdiagnostic and long-term 

efficacy of exercise interventions when improvements of the ability to adaptively cope 

with stressors a major aim and when participants are enabled to use regular exercise 

as an affect regulation strategy. Limitations, strengths as well as future directions and 

practical implications of the present study are discussed in detail. 
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1 Introduction 

1.1 Mental disorders in Germany 
Mental disorders are a major health issue in Germany due to their high 

prevalence and substantial burden (Global Burden of Disease Collaborative Network, 

2020). In 2019, the point prevalence of mental disorders (including substance use 

disorders) in the German adult population was 16.2% (Global Burden of Disease 

Collaborative Network, 2020). Depressive disorders1 (4.8%), anxiety disorders2 

(7.3%), and insomnia (5.7%) were among the most common mental disorders (Global 

Burden of Disease Collaborative Network, 2020; Schlack et al., 2013). 

Correspondingly, 8.17% of all disability-adjusted life years (DALYS) in 2019 were 

attributed to mental disorders. Depressive disorders accounted for 2.1% and anxiety 

disorders for 1.8% of all DALYS (Global Burden of Disease Collaborative Network, 

2020). Frequent comorbid physical diseases (e.g., cardiometabolic diseases, 

hypertension, diabetes) deteriorate this burden (Firth et al., 2019; Sutton, 2021). In 

addition to this personal burden, mental disorders result in considerable direct and 

indirect costs for society (Destatis, 2022). In 2020, the direct costs of mental disorders 

amounted to 56.4 billion euros in Germany, or about 13.1% of the total volume of 

medical costs. 9.5 billion euros were attributed to depressive disorders, 2.0 billion 

euros to anxiety disorders, and 96 million euros to insomnia (Destatis, 2022). In 

addition, mental disorders were responsible for 118 million days of incapacity to work 

(16.8% of all days) in Germany in 2020 (BAuA, 2022). Major depressive disorders (33.9 

million days), anxiety disorders (29.2 million days) and insomnia (0.5 million days) 

caused the most days of incapacity to work (Rabe-Menssen et al., 2021). Similarly, 

individuals with ADHD are twice as likely to be absent at work as their healthy 

counterparts (Kessler et al., 2009).  

The aforementioned mental disorders show a significant comorbidity with each 

other and with other mental disorders. For instance, insomnia occurs more often 

among depressive disorders and anxiety disorders versus healthy controls (Firth et al., 

2019). 45.7% of individuals with lifetime major depression had one or more anxiety 

disorder in their lifetime (Kessler et al., 2015). Additionally, a diagnosis of a depressive 

1 Depressive disorders include major depressive disorder and dysthymia  
2 Anxiety disorders include generalized anxiety disorder, panic disorder, agoraphobia, social 

phobia, specific phobia, post-traumatic stress disorder (PTSD) and obsessive-compulsive disorder 
(OCD) 
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disorder increases the risk of a subsequent mental disorder (e.g., anxiety disorder) by 

30% to 40% in the next five years (Plana-Ripoll et al., 2019). Furthermore, other mental 

disorders, such as ADHD, occur highly comorbid with depressive disorders, anxiety 

disorders and insomnia (Kessler et al., 2006). For example, an individual with ADHD 

has four to five times higher odds of developing any depressive disorder or anxiety 

disorder (Kessler et al., 2006). Therefore, multimorbidity is rather the norm in clinical 

practice. This multimorbidity may even exacerbate its negative effects by deteriorating 

symptoms and increasing the likelihood of comorbid physical disorders (Franzen et al., 

2008; Klein Hofmeijer-Sevink et al., 2012; Ramsawh et al., 2009).  

1.2 A transdiagnostic mechanism: Adaptive stress coping 

The high likelihood of multimorbidity implies common (transdiagnostic) 

mechanisms associated with the development and persistence of depressive 

disorders, anxiety disorders, insomnia, and ADHD (Dalgleish et al., 2020). For 

instance, a reduced ability for adaptive responses to stressors (i.e., coping) has been 

discussed as one such transdiagnostic mechanism (Jacquart et al., 2019; Zorn et al., 

2017). A high ability to adaptively cope with stressors can lead to a deliberate, goal-

oriented, context-appropriate, and flexible response to internal (e.g., high personal 

performance demands) or external (e.g., workplace conflict) stressors. In contrast, a 

reduced ability to adaptively cope with stressors can lead to a context-inappropriate, 

not goal-oriented, exaggerated, or prolonged, and thus, maladaptive stress response 

(Charmandari et al., 2005; Thayer et al., 2012; Thayer et al., 2009). Excessive or 

prolonged activation of the stress system can reduce the ability to adaptively cope with 

stressors (Charmandari et al., 2005; McEwen, 1998). The onset, recurrence and 

exacerbation of depressive disorders, anxiety disorders, insomnia and AHDH can often 

be attributed to excessive or prolonged activation of the stress system due to severe 

or prolonged confrontation with stressful life events (e.g., abuse in early childhood) 

(Healey et al., 1981; Kendler et al., 1999; Moreno-Peral et al., 2014; Saccaro et al., 

2021). Therefore, it is plausible that the aforementioned mental disorders tend to have 

a reduced ability to adaptively cope with stressors (Gross et al., 2019; Zorn et al., 

2017). 

Individual’s ability to adaptively cope with stressors can be objectively measured 

via vagally-mediated heart rate variability (vmHRV) (Thayer et al., 2012). HRV reflects 

the variance of intervals between successive heart beats. The heart rate is controlled 

by the autonomic nervous system which consists of the parasympathetic and the 
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sympathetic nervous systems (Berntson et al., 1997; Task Force of the European 

Society of Cardiology the North American Society of Pacing Electrophysiology, 1996). 

Increased parasympathetic activity and reduced sympathetic activity decelerates the 

heart rate. Conversely, reduced parasympathetic activity and increased sympathetic 

activity accelerate the heart rate (Balzarotti et al., 2017; Rajendra Acharya et al., 2006). 

HRV parameters reflecting the vagal tone of the parasympathetic nervous system 

(vmHRV), such as the root mean square of successive differences between normal 

heartbeats (HRV-RMSSD), can be used to measure the activity of the parasympathetic 

nervous system (Laborde et al., 2017). According to the neurovisceral integration 

model (Thayer et al., 2000), increased levels of resting vmHRV are associated with the 

activation of higher-level executive functions involved in self-regulatory processes. The 

activation of these higher-level executive functions, thus high resting vmHRV, has 

been linked to the inhibition of the evolutionary “default” response to stressors known 

as the “fight or flight” response (Arnsten et al., 1998; Thayer et al., 2012; Thayer et al., 

2009). In contrast, a low resting vmHRV gives free rein to the default response because 

higher-level executive functions are downregulated and cannot inhibit this automatic 

stress response (Thayer et al., 2012). The “fight or flight” response is usually not 

required in modern society and can lead to a context-inappropriate, not goal-oriented, 

exaggerated, or prolonged stress response (Thayer et al., 2009). Therefore, high levels 

of resting vmHRV are associated with a high ability to adaptively cope with stressors, 

whereas low levels of resting vmHRV are associated with a reduction in this ability 

(Bamert et al., 2022; Thayer et al., 2012).  

Stress refers to a cognitive (e.g., increased alertness), emotional (e.g., anger, 

fear), behavioral (e.g., flight), and biological adaptation (e.g., increased heart rate and 

respiratory rate) induced by specific external and internal stressors. The goal is to 

adapt the organism as optimally as possible to the demands imposed by the stressor 

(Miller et al., 2002). According to the transactional model of stress and coping (Lazarus 

et al., 1984), stress occurs when a person cognitively evaluates the stressor as 

threatening and their own abilities to adaptively cope with it as inadequate. Consistent 

with this concept of stress, individuals with lower resting vmHRV reported higher levels 

of perceived stress (Chihaoui Mamlouk et al., 2021; Sin et al., 2016) compared with 

individuals with higher resting vmHRV. 

Reduced resting vmHRV has been found in depressive disorders (Koch et al., 

2019), anxiety disorders (Chalmers et al., 2014; Pole, 2007), insomnia (Spiegelhalder 
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et al., 2011; Werner et al., 2015) and ADHD (Christiansen et al., 2019). Patients with 

more severe, persistent, and comorbid symptoms have lower levels of resting vmHRV 

(Hartmann et al., 2018; Kemp et al., 2012; Toni et al., 2016). On the contrary, the 

absence of mental disorders has been associated with higher levels of resting vmHRV 

(Beauchaine et al., 2015). Accordingly, individuals diagnosed with depressive 

disorders, anxiety disorders, insomnia, and ADHD experience higher levels of stress 

(e.g., Schneider et al., 2020) compared to their healthy counterparts. Therefore, 

transdiagnostic treatments (i.e., affecting underlying mechanisms of mental disorders 

rather than specific diagnoses (McEvoy et al., 2009, p.21))  that positively affect resting 

vmHRV and concurrent perceived stress, rather than specific diagnoses, could 

simultaneously treat the common and burdensome mental disorders mentioned above 

(McEvoy et al., 2009). 

1.3 Exercise as a transdiagnostic treatment 
Numerous studies have demonstrated that exercise interventions represent an 

efficacious treatment for individuals with depressive disorders, anxiety disorders, 

insomnia and AHDH (Ashdown-Franks et al., 2020). Exercise is defined as “physical 

activity that is planned, structured, repetitive, and purposive in the sense that 

improvement or maintenance of one or more components of physical fitness is an 

objective” (Caspersen et al., 1985, p. 128).  Robust meta-analytical evidence suggests 

a large antidepressant effect of exercise interventions in individuals with depressive 

disorders compared to active and non-active control conditions (Morres et al., 2019). 

Similarly, large effects of exercise interventions to improve sleep quality have been 

demonstrated in individuals with insomnia compared to inactive and active controls 

(Banno et al., 2018). Exercise interventions resulted in small to moderate anxiolytic 

effects for anxiety disorders over non-active controls (Ramos-Sanchez et al., 2021) 

and a small to moderate effect on ADHD core symptoms versus active and non-active 

control conditions (Cerrillo-Urbina et al., 2015; Seiffer et al., 2021). In addition, 

moderate to large effects of exercise interventions as an add-on treatment to 

psychological and psychopharmacological interventions have been reported in 

depressive disorders (Lee et al., 2021; Legrand et al., 2016), PTSD (Powers et al., 

2015), and panic disorder (Gaudlitz et al., 2015) compared with standard treatment 

alone. 

The efficacy of exercise interventions across these diagnostically heterogenous 

mental disorders could be explained by an improvement in their transdiagnostic 
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mechanisms (Jacquart et al., 2019). Exercise interventions are considered a promising 

treatment approach to increase resting vmHRV (Aubert et al., 2003; Mosley et al., 

2022; Sandercock et al., 2005; Toni et al., 2016) and reduce perceived stress 

(Klaperski, 2018) in clinical and non-clinical samples. A meta-analysis of 13 studies 

examining the effects of exercise interventions on resting vmHRV in healthy subjects 

found a moderate effect of exercise on resting vmHRV (Sandercock et al., 2005). 

Physical fitness, which is positively correlated with regular exercise (Jackson et al., 

2009), has also been associated with higher levels of resting vmHRV in healthy 

populations (Aubert et al., 2003; Mosley et al., 2022). At the same time, regular 

exercise has been linked to lower stress perception in healthy individuals, as shown 

by cross-sectional, longitudinal and experimental studies (Klaperski, 2018). Similarly, 

exercise interventions have shown to reduce stress reactivity (i.e., self-reported and 

physiological response to stressors) in non-clinical samples (Jacquart et al., 2019; 

Klaperski, 2018; Wunsch et al., 2019). Exercise interventions seem to be able to 

increase resting vmHRV in elderly individuals with depressive disorders with large 

effect size (Toni et al., 2016). Similarly, resting vmHRV can be increased by exercise 

interventions in individuals with anxiety disorders (Gaul-Alácová et al., 2005). We are 

not aware of any study that has investigated the effect of an exercise intervention on 

perceived stress in individuals with mental disorders. Among inpatients with depressive 

disorders, stress reactivity did not change after regular exercise (Gerber et al., 2020). 

However, the study included a small sample (N = 25), used per-protocol analyses and 

a short intervention period of six weeks which may not be sufficient to beneficially 

impact the stress response (Melanson et al., 2001). Therefore, study results need to 

be interpreted cautiously. In essence, some studies point towards the potential of using 

exercise interventions to improve the ability to adaptively cope with stressors across 

individuals with mental disorders. However, investigations among individuals with 

mental disorders are limited and based on few disorder-specific samples of depressive 

disorders and anxiety disorders (Gaul-Alácová et al., 2005; Jacquart et al., 2019; Toni 

et al., 2016). A reduced ability to adaptively cope with stressors seems to be a 

transdiagnostic mechanisms across depressive disorders, anxiety disorders, insomnia 

and ADHS (see section 1.2). Therefore, it seems necessary to investigate the effects 

of exercise interventions on the ability to adaptively cope with stressors in all of these 

mental disorders. This would provide valuable insight into the transdiagnostic efficacy 

of exercise interventions across diagnostically heterogeneous mental disorders with a 
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reduced ability to adaptively cope with stressors. Consequently, the efficacy of 

exercise interventions could be improved and tailored to the needs of diagnostically 

heterogeneous mental disorders. 

1.4 Exercise interventions for the outpatient mental health care 
According to the evidence- and consensus-based German health care 

guidelines (S3 guideline)3, exercise should be considered as a treatment for major 

depression (recommendation level: B) (DGPPN et al., 2017), panic disorder or 

agoraphobia (recommendation level: expert consensus) (Bandelow et al., 2021) and 

ADHD (recommendation level: expert consensus) (DGPPN et al., 2018). In addition, 

exercise may be considered as a treatment for PTSD (recommendation level: 0) 

(Schäfer et al., 2019); for other anxiety disorders and insomnia, no recommendations 

are available yet. Recent meta-analyses and randomized controlled trials (RCTs) on 

the efficacy of exercise interventions for depressive disorders, anxiety disorders, 

insomnia, and ADHD, mentioned above (see section 1.3), have not yet been 

considered in these recommendations. If these were considered, it would be 

appropriate to include exercise interventions in the treatment for all the aforementioned 

mental disorders. 

Despite of the guidelines and robust evidence about exercise interventions 

representing an efficacious transdiagnostic treatment, they are not used as a standard 

treatment in the outpatient mental health care in Germany (Nübling et al., 2014). 

Standard treatments for mental disorders in outpatient settings include psychological 

and psychopharmacological interventions (Nübling et al., 2014). However, these 

standard treatments seem to reach only a small percentage of individuals with mental 

disorders (i.e., treatment gap) (Patel, 2012), despite of their significant need for 

treatment (see section 1.1). In fact, only 17.6% of a large representative German 

sample with a 12-month diagnosis of a mental disorder, had accessed mental health 

care services during the past year (Mack et al., 2014). Furthermore, 90% of individuals 

with mental disorders do not receive evidence-based treatment and only 2.5% receive 

outpatient psychotherapeutic care in Germany (Nübling et al., 2014). Six to seven 

years pass between disorder onset and subsequent service use for any depressive or 

anxiety disorder (Mack et al., 2014). Even after initial treatment contact, individuals 

3 Recommendation levels: A = strong recommendation based on high quality randomized 
controlled trials; B = recommendation based on high quality studies; 0 = optional recommendation 
based on reports from expert circles or expert opinion; expert consensus = suggested as “good clinical 
practice” based on the clinical experience of the guideline group members 
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need to wait an average of 22.3 weeks for psychotherapeutic treatment in Germany 

(Singer et al., 2022). The absence or delay in treatment has actually deteriorated with 

COVID-19 which may be due to an increasing number of mental disorders, particularly 

anxiety disorders, depressive disorders and insomnia (American Psychological 

Association, 2020). However, the absence or delay of efficacious treatment may 

exacerbate symptoms of mental disorders and promote the onset of (additional) 

comorbid physical or mental disorders (Bundespsychotherapeutenkammer, 2018).  

Compared to the effects of standard treatments for depressive disorders 

(Cipriani et al., 2018; Cuijpers et al., 2019), anxiety disorders (Mitte, 2005; Rosenbaum 

et al., 2015), insomnia (Koffel et al., 2015; Liu et al., 2017) and ADHD (Storebo et al., 

2018; van der Oord et al., 2008), the effects of exercise interventions on symptom 

reduction seem to be comparable (Ashdown-Franks et al., 2020). Indeed, a recent 

meta-analysis by Recchia et al. (2022) showed no differences between antidepressant 

effects of exercise and antidepressants in individuals with non-severe depressive 

disorders. Psychological interventions are usually disorders-specific (Dalgleish et al., 

2020) and delivered in individual formats (Mattke et al., 2020). In contrast, exercise 

interventions could be delivered in group format due to their efficacy across 

diagnostically heterogeneous mental disorders (Ashdown-Franks et al., 2020; Jacquart 

et al., 2019). Therefore, exercise interventions could efficiently treat a broad 

representative outpatient population (Kessler et al., 2005; Plana-Ripoll et al., 2019) 

and could be disseminated fast because only one treatment protocol can be 

generalized (Dalgleish et al., 2020). Furthermore, the conduction of exercise 

interventions for mental disorders could be delegated to other professional groups 

(e.g., exercise therapist) who are trained in their content and delivery which would 

reduce the treatment gap (Patel, 2012). In contrast to psychopharmacological 

treatments, they are available at low cost and are associated with few side effects 

(Fiuza-Luces et al., 2013). As a consequence, exercise interventions could represent 

a low-threshold treatment and could be easily integrated into standard mental health 

care in Germany. At the same time, they could directly reduce the burden of disease 

by beneficially preventing and treating comorbid physical diseases (Firth et al., 2019; 

Naci et al., 2015). Given the high efficacy, which is comparable to psychological and 

psychopharmacological interventions, and other multiple benefits, the use of exercise 

interventions as a standard (add-on or stand-alone) treatment could ameliorate the 

substantial treatment gap and its serious consequences. The potential of exercise 
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interventions to improve the outpatient mental health care in Germany is illustrated in 

Figure 1.  

 

 

1.5 Important characteristics of exercise interventions 
Certain characteristics of exercise interventions have been associated with 

optimal efficacy in reducing symptoms across depressive disorders, anxiety disorders 

insomnia, and ADHD: 1) Aerobic exercise (optional combined with resistance training) 

(e.g., Banno et al., 2018; Morres et al., 2019), 2) partially supervised by qualified 

professionals (e.g., trained in exercise therapy and/or psychotherapy) (Firth et al., 

2019; Ramos-Sanchez et al., 2021; Stubbs et al., 2018), 3) a minimum of moderate 

intensity (e.g., Melanson et al., 2001; Morres et al., 2019; Ramos-Sanchez et al., 2021; 

Seiffer et al., 2022; Stubbs et al., 2018), 4) a minimum total duration of 12 weeks 

(Melanson et al., 2001; Stubbs et al., 2018), 5) a minimum duration of 30 minutes of 

each session (e.g., Morres et al., 2019). Conducting exercise outdoors, in groups and 

addressing individual exercise preferences for exercise can further increase efficacy 

(Krogh et al., 2014; Morres et al., 2019).  

Furthermore, behavior change techniques (BCTs) (Michie et al., 2011), seem to 

play a key role in exercise interventions for people with mental disorders, as they can 

sustainably increase exercise in this rather physically inactive population (Firth et al., 

2019; Kramer et al., 2014). Despite beneficial effects of regular exercise on mental 

Figure 1. Deficits in outpatient mental health care in Germany and the and the opportunity to improve care 
through exercise interventions that are featured with optimal characteristics for long-lasting treatment efficacy.  
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health, individuals with depressive disorders (Schuch et al., 2017; Vancampfort et al., 

2017), anxiety disorders (Goodwin, 2003; van den Berk-Clark et al., 2018), insomnia 

(Kline, 2014) and ADHD (Mercurio et al., 2019) engage in significant less exercise 

compared to their healthy counterparts. Lower levels of exercise among this population 

might be due to deficits in motivation (i.e., intention to perform a behavior) and volition 

(i.e., ability to perform the intended behavior) (Kramer et al., 2014). These deficits may 

be a result of their symptomatology, physical difficulties, and low social support (Firth 

et al., 2016). First, low energy levels, reduced interest or pleasure may diminish the 

motivation to exercise among patients with depressive disorders (Kramer et al., 2014) 

or insomnia (Fraser et al., 2015). Patients with anxiety disorders may avoid exercise 

because it can produce aversive symptoms similar to anxiety symptoms (e.g., 

increased heart rate) (Collimore et al., 2014). Dysregulation of executive functions in 

patients with ADHD can lead to deficits in goal-oriented and adaptive behaviors which 

is important for engagement in exercise (Hughes, 2013). Second, physical deficits due 

to medication (e.g., obesity, fatigue) and comorbid physical diseases (e.g., diabetes) 

may discourage from being physically active (Choi et al., 2017; McDevitt et al., 2006). 

Third, low social support due to stigma and social isolation is common in mental 

disorders and may discourage them from engaging in exercise (Firth et al., 2019; 

Mercurio et al., 2019). To address these motivational and volitional deficits of 

individuals with mental disorders, BCTs can be integrated into exercise interventions 

(Samdal et al., 2017). BCTs that can efficaciously increase exercise behavior in the 

short- and long-term include improving knowledge about beneficial effect of exercise, 

setting individual goals, self-monitoring of goal and behavior, barrier management, 

social support, autonomy-enhancing counselling and supportive phone calls 

(Ashdown-Franks et al., 2018; Gohner et al., 2015; Samdal et al., 2017).  

The long-term increase in exercise appears to be essential for maintaining the 

treatment effects of exercise interventions (Babyak et al., 2000; Hoffman et al., 2011). 

Maintaining exercise during a 10-months (Babyak et al., 2000) or 12-months (Hoffman 

et al., 2011) follow-up period reduced the likelihood of a depression diagnosis by more 

than half at the end of that period among initially depressed participants (Babyak et al., 

2000; Hoffman et al., 2011). Nevertheless, follow-up periods of exercise trials are rarely 

conducted, or follow-up periods are relatively short (e.g., three weeks) (Aylett et al., 

2018; Cooney et al., 2013). However, this limits valid assumptions about long-term 

efficacious components of exercise interventions.  
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Nevertheless, not all exercise trials with follow-up periods showed sustained 

treatment effects (Aylett et al., 2018; Cooney et al., 2013). One possible reason for the 

conflicting results may be that the long-term effects of exercise are moderated by an 

increase in psychosocial mechanisms (e.g., affect regulation, self-efficacy, social 

support) rather than an increase in exercise per se (Thomas et al., 2020). According 

to the model of physical activity-related health competence (Pfeifer et al., 2013; Sudeck 

et al., 2016), to promote health and well-being, it is not only important to increase 

exercise, but also to increase the knowledge, motivation, and ability to intentionally use 

exercise to regulate affective well-being (i.e., exercise-specific affect regulation). Affect 

can be used as an umbrella term for emotions (e.g., feeling anxious), moods (e.g., 

feeling depressed), stress (e.g., feeling threatened) or impulses (e.g., the urge to 

smoke) (Gross et al., 2019). Individuals with a high exercise-specific affect regulation 

may particularly profit from potential mental health benefits of regular exercise (Sudeck 

et al., 2022). For example, individuals with high exercise-specific affect regulation have 

a stronger positive relationship between exercise and affective well-being (Sudeck et 

al., 2018). While low exercise-specific affect regulation has been associated with 

depressive disorders, anxiety disorders, insomnia and ADHD (Gross et al., 2019), high 

exercise-specific affect regulation appears to be associated with a lower likelihood of 

the onset of these mental disorders during stressful life events (Rösel et al., 2022). 

Moreover, the ability to respond adaptively to stressors, for example by using exercise 

as a coping strategy, seems to be one mechanism of action that underlies beneficial 

effects of exercise interventions on symptoms across these mental disorders (see 

section 1.3). Therefore, it seems necessary to promote exercise-specific affect 

regulation in exercise interventions for people with mental disorders in addition to 

sustained exercise behavior change. Exercise-specific affect regulation can be 

promoted by 1) increasing worry that motivates adaptive behavior (e.g., by raising 

awareness of the negative consequences of sedentary behavior), 2) reducing distress 

that inhibits adaptive behavior (e.g., by promoting positive exercise experiences) and 

3) changing affect regulation behaviors (e.g., exercise) that influence well-being (e.g.,

by creating awareness of positive mood changes after exercise) (Cameron et al.,

2020). In essence, exercise interventions should aim to promote a long-lasting

increase in exercise and, equally important, the motivation and ability to intentionally

use exercise as a strategy to regulate negative affect (Sudeck et al., 2018; Sudeck et

al., 2016). However, studies are needed that experimentally evaluate these potential
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long-term transdiagnostic mechanisms of action in a clinical sample of diagnostically 

heterogeneous mental disorders. 

1.6 Current dissertation 
On the one hand, evidence has pointed towards the potential of using exercise 

interventions as an efficacious transdiagnostic treatment; on the other hand, no 

exercise interventions had yet been developed for diagnostically heterogenous mental 

disorders until 2017. To address this gap, an exercise intervention, namely ImPuls, 

was developed prior to this dissertation. The initial intervention was invented by 

graduate students under the project supervision of Dr. Sebastian Wolf in 2017 at the 

University of Tübingen. Subsequently, it was progressed and finally published as a 

therapy manual in 2020 (Wolf, Zeibig, Hautzinger, et al., 2020). In addition, ImPuls was 

presented in German scientific journals (Wolf, Zeibig, et al., 2020a, 2020b). 

1.6.1 ImPuls intervention 
ImPuls is a standardized group exercise intervention for physically inactive 

outpatients in German outpatient health care settings. Individuals with depressive 

disorders, anxiety disorders, insomnia, and/or ADHD can participate. ImPuls is based 

on the latest scientific findings on the optimal criteria of exercise for sustained 

therapeutic efficacy (see section 1.5) Standardized materials and procedures can be 

found in the manual (Wolf, Zeibig, Hautzinger, et al., 2020). To test the feasibility of 

ImPuls in outpatient mental health care settings in Germany, the intervention was 

tested during waiting times for psychotherapy. 

A temporal overview of ImPuls is displayed in Figure 2. BCTs that 

were conducted during the intervention can be found in Table 1. ImPuls aimed to 

encourage participants to perform exercise regularly and to integrate it into everyday 

life routines. In addition, it promoted the intentional use of exercise as an adaptive 

affect regulation strategy. A maximum of four participants could attend, supervised 

by two therapists (one licensed or in-training cognitive-behavioral psychotherapist 

and one graduate psychology student; trained in the background and content of 

ImPuls und supervised by one exercise therapist and one psychotherapist). ImPuls 

consisted of three core components: supervised running sessions, non-

supervised exercise sessions and group meetings. The total duration of the 

intervention was twelve weeks. The first four weeks were the mainly supervised 

period. Participants took part in supervised running sessions combined with 

supervised group meetings. In addition, they participated in individually preferred, 

non-supervised exercise sessions once per week. The mainly 
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non-supervised period from week five to twelve contained non-supervised exercise 

sessions at least twice per week. This period was accompanied by an activity diary 

and weekly telephone contacts with one of the therapists. In addition, a supporter 

session (e.g., for participants’ family, friends, partners) in week five was conducted to 

facilitate social support helping participants to exercise regularly during and after the 

non-supervised period. 

Figure 2. Intervention procedure of the exercise intervention ImPuls. Dark blue boxes represent group meetings 
combined with supervised running sessions (starting session 3) and the supporters’ session (session 14 in week 
5). Session 1 contains an introduction in the intervention. Session 15 is conducted in week 12. Light blue boxes 
represent non-supervised exercises or resistance training. The phone represents the weekly phone contact 
between weeks 5 and 12 (adapted from Zeibig et al. (2021)). 
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Table 1. Overview of behavior change techniques in ImPuls with motivation and volitional focus to 
promote long-lasting exercise and exercise-specific affect regulation (adapted from Wolf, Zeibig, 
Hautzinger, et al. (2020)) 

Focus Behavior change technique Brief definition 

M
ot

iv
at

io
na

l 

Education about positive effects 
of regular exercise 

Increasing knowledge about positive effects of exercise 
on reducing psychopathological symptoms (at 
emotional, cognitive, behavioral, and physical level) 

Education about negative  
effects of sedentary behavior 

Increasing knowledge about negative effects of 
sedentary behavior on the development or persistence 
of psychopathological symptoms (at emotional, 
cognitive, behavioral, and physical level) 

Selection of a preferred activity 

Participants find a preferred and enjoyable exercise 
activity with the support of the therapist; exercise 
activity needs to meet evidence-based criteria for 
optimal effects in reducing psychopathological 
symptoms 

Goal setting 
Setting individualized concrete, measurable, attractive, 
realistic, and determined goals related to the reduction 
in psychopathological symptoms. 

Self-monitoring of 
goal achievement 

Through visualizations (e.g., goal achievement scale) 
and therapists' questions, diary (goals and 
achievement of goals are noted) 

Visualization of goal achievement Concrete visualization of goal achievement using an 
imagination technique 

Creating awareness  
about positive effects of exercise 

Using a mood barometer prior and immediately after 
exercise engagement 

Vo
lit

io
na

l 

Education about  
optimal modalities of exercise 

Evidence-based exercise recommendations about 
optimal modalities to reduce psychopathological 
symptoms 

Exercise self-monitoring 
(Optimal modality) 

Participants estimate their perceived exertion using the 
Borg Rating of Perceived Exertion scale and compare 
this estimation with an objective measure (heart rate 
monitor) to enable realistic estimation of the physical 
exertion 

Identification of personal barriers Identification of Individual barriers regarding regular 
exercise engagement 

Strategies to overcome barriers Development of individual and realistic strategies to 
overcome barriers 

Social support (family, friends, 
intervention group, therapists) 

Social support during the intervention period through 
the intervention group and therapists; conducting a 
supporters' session 

Each supervised running session lasted 30 minutes with a previous warm-up 

(5-10 minutes) and a subsequent cool-down (5-10 minutes). Running was performed 

at moderate intensity and participants can choose between an endurance method (i.e., 

just running) or a standardized interval-based training (Eisenhut et al., 2013). The 

interval method transited to the endurance method after 13 weeks (i.e., alternating 

between running and walking with increasing bouts of running each week). Intensity 

was recorded using a heart rate monitor (Polar Electro GmbH; A 300) in combination 
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with a chest strap (Polar Electro GmbH; H7) and the Borg Rating of Perceived Exertion 

(RPE) scale (Borg, 1982). On the heart rate monitor, moderate intensity was defined 

as 60 to 80% of maximum heart rate (i.e., 220-age; Garber et al., 2011). On the RPE 

Scale, moderate intensity was defined on a scale of nine to 14 (Borg, 1982). Therefore, 

each participant ran on his/her own pace depending on objective and subjective 

exertion. The two therapists accompanied the group. Approximately every five 

minutes, they asked each participant about his/her intensity on the activity watch and 

RPE scale. If necessary, they instructed participants to reduce or increase pace to 

maintain moderate intensity on both measures. The aim of using an objective and 

subjective measure was to promote a realistic perception of moderate intensity. 

Furthermore, therapists supported participants with any other physical (e.g., stich, 

exhaustion) or psychological (e.g., negative affect, lack of motivation) difficulties during 

running sessions. Running was performed outdoors along a river. After 15 minutes, 

participants and therapists turned and took the same route back.  

The non-supervised exercise activity could be chosen by each participant 

according to their personal preferences. A standardized strength training was 

developed for participants which they could use as the first non-supervised exercise 

training session (session 6). Prerequisites for the activity was a duration of minimum 

of 30 minutes and at least moderate intensity.  

The group meetings had a duration of one to two hours. These "surrounded" the 

supervised running sessions by taking place prior and after the running session. The 

meeting always began with information about goals of the session and a debriefing of 

the last session. This was followed by specific BCTs to promote long-lasting exercise 

and exercise-specific affect regulation (see Table 1). At the end of the session, 

participants were given a homework assignment related to the content of the session. 

1.6.2 Objectives of doctoral research 

The overarching goal of the current dissertation was the investigation of the 

short- and long-term efficacy and transdiagnostic mechanisms of action of ImPuls 

across diagnostically heterogenous outpatients. The dissertation aimed to fill open 

research gaps: To the best of our knowledge, it is largely unknown whether a single 

exercise intervention can improve psychopathological symptoms and transdiagnostic 

mechanisms across diagnostically heterogenous mental disorders in the short- and 

long-term. In addition, there is a need for robust research on transdiagnostic 

mechanisms underlying the short- and long-term treatment effects of exercise 
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interventions across diagnostically heterogenous mental disorders. This resulted in 

eight sub-research questions that were addressed in three different manuscripts. 

1.6.2.1 Research questions Manuscript I 

1. Does the exercise intervention ImPuls reduce global symptom severity and 

disorder-specific symptoms from baseline to post-intervention compared to a 

passive control condition? 

2. Does the exercise intervention ImPuls increase exercise from baseline to post-

intervention compared to a passive control condition? 

3. Does an increase in exercise from baseline to post-intervention mediate 

treatment effects on global symptom severity from baseline to post-

intervention? 

1.6.2.2 Research questions Manuscript 2 

4. Does the exercise intervention ImPuls reduce perceived stress and increase 

resting vmHRV from baseline to post-intervention compared to a passive control 

condition? 

5. Does a reduction in perceived stress and increase in resting vmHRV from 

baseline to post-intervention mediate treatment effects on global symptom 

severity from baseline to post-intervention? 

1.6.2.3 Research questions Manuscript 3 

6. Does the exercise intervention ImPuls reduce global symptom severity and 

disorder-specific symptoms from baseline to one-year follow-up compared to a 

passive control condition?  

7. Does the exercise intervention ImPuls increase exercise and exercise-specific 

affect regulation from baseline to one-year follow-up compared to a passive 

control condition? 

8. Do increases in exercise and exercise-specific affect regulation from baseline 

to one-year follow-up mediate treatment effects on global symptom severity and 

clinically significant changes from baseline to one-year follow-up? 
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2 Summary and results 

An overview of the study design and selected measures relevant for the 

current dissertation can be found in Figure 3. 

2.1 Manuscript I 
“Transdiagnostic efficacy of a group exercise intervention for outpatients with 

heterogenous psychiatric disorders: a randomized controlled trial” (Zeibig et al., 

2021) 

Objectives and methods: Manuscript I investigated the effects of the 12-week exercise 

intervention ImPuls (Wolf, Zeibig, Hautzinger, et al., 2020) on the reduction in disorder-

specific and global symptom severity as well as an increase in exercise immediately 

after treatment. Furthermore, it was of interest whether an increase in exercise would 

Figure 3. Overview of the study design and selected measures of manuscripts 1-3. 
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underlie improved symptom severity. Groups of sedentary outpatients waiting for 

psychotherapy, with depressive disorders, anxiety disorders, insomnia, and ADHD 

were randomized to ImPuls (n = 38) or a passive control group (n = 36). Primary 

outcomes were global symptom severity and disorder-specific symptoms (i.e., 

depression, anxiety, sleep quality), measured with the Symptom Checklist-90 

(Derogatis, 1994) and Pittsburgh Sleep Quality Index (Buysse et al., 1989) at baseline 

and post-treatment. Secondary outcome was the self-reported amount of exercise, 

assessed via the Physical Activity, Exercise, and Sport Questionnaire (Fuchs et al., 

2015) at baseline, at week 9, and post-treatment. Adequate statistical power allowed 

a subgroup analysis examining effects of the intervention on depression among 

participants with depressive disorders. 

Data analysis: To test differences between groups in changes of primary and 

secondary outcomes, linear mixed models (LMMs) were conducted among the 

intention-to-treat sample. Models included group allocation, assessment point and their 

interaction as predictors. Exploratory regression analyses (per-protocol analysis) 

tested the predictive value of changes in exercise on primary outcomes changes. 

Results and discussion: From baseline to post-treatment, ImPuls led to an 

improvement of disorder-specific and global symptom severity compared to the control 

group with moderate to large effect sizes. Exercise increased from baseline to week 9 

and from baseline to post-treatment in the intervention group compared to the control 

group with large effect sizes. Across both groups, the reduction in global symptom 

severity was significantly predicted by an increase in exercise. Major limitations of the 

study were the use of a passive control condition and the explorative regression 

analysis to prove a mediational pathway. We concluded that ImPuls showed efficacy 

across diagnostically heterogenous outpatients. The increase in exercise seemed to 

underlay treatment effects on global symptom severity. Exercise interventions may 

serve as an efficacious and efficient treatment option for the outpatient mental health 

care. Future studies are warranted to replicate findings with an active control condition 

and robust mediation analyses. 
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2.2 Manuscript II 
“The increase in heart rate variability mediates exercise effects on global symptom 

severity across heterogenous mental disorders: A secondary analysis of the ImPuls 

trial” (Zeibig et al., under review) 

Objectives and methods: Manuscript II investigated an increase in resting vmHRV and 

a reduction in perceived stress as potential transdiagnostic mechanisms mediating 

treatment effects of ImPuls on global symptom severity across diagnostically 

heterogenous outpatients (Manuscript I). At baseline and post-treatment, global 

symptom severity (Symptom Checklist-90) (Derogatis, 1994), resting vmHRV (indexed 

by HRV-RMSSD) and perceived stress (Perceived Stress Scale) (Cohen et al., 1983) 

were assessed. 

Data analysis: To test differences between groups in the increase in resting vmHRV, 

LMMs were conducted. Models included group allocation, assessment point and their 

interaction as predictors. The mediation analysis was conducted using structural 

equation modeling (SEM) with the group allocation as the predictor and with the 

reduction in global symptom severity as the outcome. The increase in resting vmHRV 

was selected as mediator. Both statistical methods were conducted on the intention-

to-treat sample. 

Results and discussion: The intervention group increased in resting vmHRV with large 

effects size and did not significantly reduce perceived stress relative to the control 

group (i.e., small effect). An increase in resting vmHRV partially mediated the 

intervention effect on global symptom severity. Limitations of the study were the 

deficient control of certain factors that could have potentially influenced HRV 

parameters as well as participants’ low initial levels of perceived stress and high initial 

levels of resting vmHRV. Therefore, the included sample may not have been 

representative in terms of resting vmHRV levels and stress perception. We concluded 

that an exercise intervention can successfully increase the ability to adaptively cope 

with stressors which partially mediated its efficacy on reducing global symptom 

severity. Study results established evidence that improving the ability to adaptively 

cope with stressors may be a potential transdiagnostic mechanism mediating the 

treatment effects of exercise interventions across diagnostically heterogeneous mental 

disorders. Future studies are required to replicate findings with higher standardization 

of HRV assessments and a wider range of baseline levels of resting vmHRV and 
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perceived stress. 

2.3 Manuscript III 

“Long-term efficacy of exercise across diagnostically heterogenous mental disorders 

and the mediating role of affect regulation skills” (Zeibig et al., 2022) 

 

Objectives and methods: Manuscript III investigated whether beneficial effects of 

ImPuls on disorder-specific global symptom severity (Manuscript 1) could be 

maintained over a one-year follow-up period. It was further investigated whether an 

increase in exercise and exercise-specific affect regulation from baseline to follow-up 

underlay long-lasting treatment effects. Primary outcome was global symptom severity 

(Symptom Checklist-90) (Derogatis, 1994), including clinically significant changes. 

Secondary outcomes were self-reported exercise (Physical Activity, Exercise, and 

Sport Questionnaire) (Fuchs et al., 2015), exercise-specific affect regulation (Physical 

Activity-related Health Competence Questionnaire) (Sudeck et al., 2016) and 

depression (Symptom Checklist-90). Primary and secondary outcomes were assessed 

at baseline, post-treatment, and follow-up (one-year after post-treatment). 

Data analysis: To test differences between groups in changes of primary and 

secondary outcomes, LMMs were conducted. Models included group allocation, 

assessment point and their interaction as predictors. Mediation analyses were 

conducted using SEM with the group allocation as the predictor and with a reduction 

in global symptom severity and clinically significant changes (i.e., based on a reliable 

change index and clinical cut-off, participants are classified into four categories: 

recovered, improved, unchanged, deteriorated (Franke, 2013)) as outcomes. 

Increases in exercise and exercise-specific affect regulation were selected as 

mediators. Both statistical methods were conducted on the intention-to-treat sample. 

Results and discussion: From baseline to follow-up, the exercise intervention led to a 

reduction in global symptom severity compared to the control group with moderate 

effect size. The intervention group was more likely to reveal clinically significant 

changes compared to the control group. Considering the subsample of participants 

with depressive disorders, depression was reduced in the intervention group compared 

to the control group with moderate effect size. Exercise increased in the intervention 

group compared to the control group with moderate effect size. Exercise-specific affect 

regulation increased in the intervention group compared to the control group with 
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moderate to large effect size. An increase in exercise-specific affect regulation 

mediated the intervention effect on global symptom severity and clinically relevant 

changes from baseline to follow-up. One major limitation of this study was the high 

attrition rate at follow-up. We concluded that treatment gains of ImPuls immediately 

after the intervention (Manuscript 1) were maintained long after the end of the 

intervention. Results suggest that ImPuls might be a long-term efficacious treatment 

across diagnostically heterogenous outpatients due to its long-lasting promotion of 

exercise-specific affect regulation. Future studies are needed to replicate findings 

including strategies to reduce the attrition rate. 
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3 Discussion 

3.1 Summary 

Exercise interventions represent an efficacious treatment across depressive 

disorders, anxiety disorders, insomnia and ADHD (Ashdown-Franks et al., 2020). 

Scientific evidence suggests that the efficacy of exercise interventions across these 

diagnostically heterogenous mental disorders may be due their beneficial effects on 

shared underlying (transdiagnostic) mechanisms leading to their onset and 

maintenance (Jacquart et al., 2019). Improving the ability to adaptively cope with 

stressors seems to mediate treatment effects of exercise interventions across these 

mental disorders (e.g., Jacquart et al., 2019). The beneficial effects of exercise 

interventions seem to be maintained when they enable participants to engage in 

regular, long-term exercise (Hoffman et al., 2011) and to intentionally use exercise to 

reduce negative affect (Bernstein et al., 2018; Rösel et al., 2022).  

However, assumptions about the efficacy of exercise interventions across 

diagnostically heterogenous mental disorders as well as transdiagnostic mechanisms 

of action are based on theoretical considerations (e.g., Ekkekakis, 2003), longitudinal 

or cross-sectional studies (e.g., Klaperski, 2018) or experimental studies with non-

clinical or disorder-specific samples (Jacquart et al., 2019). Moreover, in experimental 

studies, mechanisms of action are usually investigated by correlational analyses rather 

than by appropriate mediation analyses (e.g., Jacquart et al., 2019). In addition, long-

term effects of exercise interventions for mental disorders have been studied 

infrequently or with short follow-up periods (Aylett et al., 2018; Cooney et al., 2013). 

To fill these research gaps, the aim of the current dissertation was the investigation of 

the short- and long-term efficacy of an exercise intervention across diagnostically 

heterogenous outpatients and its transdiagnostic mechanisms of action. 

For this investigation, an exercise intervention for diagnostically heterogenous 

mental disorders was developed prior to this dissertation (Wolf, Zeibig, Hautzinger, et 

al., 2020). The intervention, namely ImPuls, integrates the most recent evidence on 

efficacious components for sustained symptom improvement across depressive 

disorders, anxiety disorders, insomnia, and ADHD. In this dissertation, ImPuls was 

evaluated in an RCT among 72 initially physically inactive outpatients with the 

aforementioned mental disorders. Participants were randomly assigned to the 

intervention or a passive control condition.  

From baseline to post-treatment, ImPuls led to a reduction in global symptom 
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severity with moderate to large effect size as well as disorder-specific symptoms 

(depression with moderate effect size, anxiety with large effect size, sleep quality with 

large effect size) compared to the control group. Considering a subsample of 

participants with depressive disorders, depression was reduced with moderate to large 

effect size in the intervention group compared to the control group. Exercise was 

increased among the intervention group with large effect size compared to the control 

group. Resting vmHRV (indexed by HRV-RMSSD) increased with large effect size and 

self-reported stress reduced with small but non-significant effect size in the intervention 

group compared with the control group. Across both conditions, an increase in exercise 

significantly predicted a reduction in global symptom severity. An increase in resting 

vmHRV partially mediated the intervention effect on global symptom severity. We 

concluded that an exercise intervention can be efficacious across diagnostically 

heterogenous outpatients. An increase in exercise and particularly the improved ability 

to adaptively cope with stressors (as indexed by resting vmHRV) may be 

transdiagnostic mechanisms that underlie beneficial effects of exercise interventions 

on symptoms across diagnostically heterogenous mental disorders. 

From baseline to follow-up, ImPuls led to a reduction in global symptom severity 

with moderate effect size compared to the control group. The intervention group was 

more likely to reveal clinically significant changes than the control group. Considering 

a subsample of participants with depressive disorders, depression was reduced with 

moderate effect size in the intervention group compared to the control group. Exercise 

was increased among the intervention group with moderate effect size compared to 

the control group. Exercise-specific affect regulation increased with moderate to large 

effect size in the intervention group compared with the control group. An increase in 

exercise-specific affect regulation mediated the intervention effect on global symptom 

severity (statistically and clinically relevant changes) from baseline to follow-up. We 

concluded that an exercise intervention can be a long-term efficacious treatment 

across diagnostically heterogenous outpatients. The improved ability to intentionally 

use exercise as an affect regulation strategy seems to underlie long-lasting treatment 

effects.  

3.2 Discussion of the main findings 

3.2.1 Short-term intervention effects and transdiagnostic mechanisms 

The results presented above (see section 2.1) suggest that ImPuls might be an 
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efficacious treatment in reducing global symptom severity and disorder-specific 

symptoms across a diagnostically heterogenous outpatient sample. These findings 

corroborate previous results about beneficial effects of disorder-specific exercise 

interventions on symptoms of depressive disorders, anxiety disorders, insomnia and 

ADHD in disorder-specific samples (Ashdown-Franks et al., 2020). The finding of a 

moderate to large intervention effect on reducing depression among participants with 

depressive disorders is consistent with previous meta-analytical findings of a large 

antidepressant effect of exercise (Morres et al., 2019). Comorbidity might reduce 

treatment effects (Vittengl et al., 2019). Therefore, the slightly inferior effect size in our 

study might be attributed to the inclusion of individuals with depressive disorders with 

and without comorbid anxiety disorders. However, authors did not state whether 

participants had comorbid diagnoses (Morres et al., 2019). Participants’ comorbidity is 

usually not reported in exercise trials (Bond et al., 2020). Hence, this interpretation 

needs to be considered with caution. Additionally, results on depression across the 

entire sample provide novel evidence for a moderate antidepressant effect of exercise 

among a diagnostically heterogenous sample with and without depression. Evidence 

about the anxiolytic effect of exercise across anxiety disorders suggests a small to 

moderate effect over non-active controls (Ramos-Sanchez et al., 2021). In contrast, 

the anxiolytic effect of ImPuls among our mixed sample was large. In their meta-

analysis, individuals with PTSD, OCD and mixed anxiety disorders yielded the smallest 

effect sizes (Ramos-Sanchez et al., 2021). We included only a small percentage of 

these diagnoses in our study: three individuals with PTSD (7.3% from all participants 

with any anxiety disorders), no individual with OCD and two individuals with mixed 

anxiety disorders (4.9% from all participants with any anxiety disorders). This might 

explain the larger effect size that we found in our study. A meta-analysis about effects 

of exercise interventions on improving sleep quality across mental disorders 

(Lederman et al., 2019) demonstrated moderate to large effects versus active or non-

active controls. This is consistent with our finding indicating a large effect of the 

exercise intervention on improving sleep quality across the entire sample. In contrast 

to our study, the meta-analysis did not include a primary diagnosis of insomnia 

(Lederman et al., 2019). However, the effect sizes for the improvement of sleep quality 

seem to be larger for individuals diagnosed with insomnia compared to their non-

diagnosed counterparts (Banno et al., 2018). This might explain the slightly larger 

effect size in our study. Slightly superior effect sizes in our study compared to previous 
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meta-analytical evidence for anxiety and insomnia need to be considered with caution 

due to the use of different control conditions. In contrast to our study, which used a 

passive control condition, previous meta-analyses (Lederman et al., 2019; Ramos-

Sanchez et al., 2021) have compared exercise interventions with inactive control 

conditions (e.g., treatment as usual (TAU), time- and attention-matched control 

activities) and active control conditions (e.g., talking therapy) which may also reduce 

psychopathological symptoms. Nevertheless, a possible superiority of transdiagnostic 

treatments over disorder-specific treatments can be assumed (Newby et al., 2016; 

Păsărelu et al., 2017). While disorder-specific interventions focus on the primary 

clinical diagnosis, transdiagnostic treatments, such as ImPuls, also address comorbid 

mental disorders or elevated symptoms (Dalgleish et al., 2020). Mental disorders 

usually occur with comorbid mental disorders (Kessler et al., 2005) which can  

deteriorate symptom severity (Franzen et al., 2008; Klein Hofmeijer-Sevink et al., 2012; 

Ramsawh et al., 2009). In addition, secondary diagnoses often persists even after 

efficacious treatment of the primary diagnosis (e.g., Riemann et al., 2015). Therefore, 

ImPuls may be more efficacious in improving symptom severity than previous disorder-

specific exercise interventions. 

Results extend previous findings by assessing effects on global symptom 

severity in a diagnostically heterogenous sample. In addition, exercise trials usually do 

not account for comorbid presentations of mental disorders (Bond et al., 2020). For 

example, in a sample of patients with depressive disorders and comorbid anxiety 

disorders, only changes of depression were assessed as outcome (Bond et al., 2020). 

In contrast, the current measure of global symptom severity assesses the reduction in 

global symptom severity independent of a specific diagnosis. Thus, we established 

evidence for the efficacy of exercise interventions across diagnostically heterogenous 

mental disorders (with and without comorbid mental disorders).  

In essence, the current results provide novel evidence for the efficacy of 

exercise interventions across diagnostically heterogenous mental disorders using a 

clinical valid measure of global symptom severity. Additionally, we demonstrated that 

an exercise intervention designed for diagnostically heterogenous mental disorders 

can reveal comparable disorder-specific effects on depression, anxiety, and insomnia 

as exercise interventions designed for a single mental disorder (Ashdown-Franks et 

al., 2020). 

Current results suggest that ImPuls was efficacious in increasing participants’ 
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exercise behavior during and after the intervention period. At post-treatment, 

participants in the intervention group reported higher levels of exercise during the non-

supervised period of ImPuls compared to the control group. Therefore, it can be 

assumed that the exercise intervention led to independent exercise behavior 

regardless of personal supervision. Thus, participants may have already incorporated 

regular exercise into their daily lives. This finding supports the results of a recent 

systematic review (Thomas et al., 2020) showing that exercise interventions combined 

with BCTs are more efficacious than exercise alone in increasing exercise in people 

with and without mental disorders. Nevertheless, only 25% of exercise interventions 

with BCTs seem to efficaciously increase exercise (Ashdown-Franks et al., 2018). It 

might be possible that previous exercise interventions and BCTs were not adequately 

tailored to the needs of outpatients. For instance, they might not have addressed 

specific deficits in motivation and volition (see section 1.5). In contrast, the current 

results suggest that ImPuls was adequately tailored to the needs of outpatients. The 

increase in exercise was essential because it was predictive of the reduction in global 

symptom severity. This finding suggests that the increase in exercise leads, at least 

partially, to treatment effects. This mechanism of action is often assumed in the 

previous studies but rarely investigated (Ashdown-Franks et al., 2020).  

The results presented above (see section 2.2) suggest that ImPuls might be an 

efficacious transdiagnostic treatment by increasing the ability to adaptively cope with 

stressors across a diagnostically heterogenous sample. Nevertheless, the intervention 

did only increase resting vmHRV and not perceived stress with statistical significance. 

A significant positive correlation between an increase in resting vmHRV and a 

reduction in perceived stress in the current study proposes that both measures may 

be associated. This is in accordance with the transactional model of stress and coping 

of stress (Lazarus et al., 1984) which states that perceived stress occurs when one’s 

ability to adaptively cope with a particular stressor (as indexed by resting vmHRV) is 

appraised to be insufficient. The non-significant result for perceived stress might be 

caused by the power-calculation that was based on moderate to large (d = 0.74) effects 

of exercise on disorder-specific symptoms for depressive disorders, anxiety disorders 

and insomnia (Kelley et al., 2017; Powers et al., 2015; Schuch et al., 2016). Effects of 

exercise on resting vmHRV have been considered as large (median of effect sizes: d 

= 0.93) (Sandercock et al., 2005; Toni et al., 2016) which is comparable to the disorder-

specific effects of exercise. In contrast, effects of exercise on perceived stress have 
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been demonstrated to be small (median of effect sizes: d = 0.27) in previous literature 

(Jacquart et al., 2019). Therefore, the sample size might have been too small to detect 

a significant small effect of exercise on perceived stress. 

Available evidence of the effects of exercise interventions on resting vmHRV 

among individuals with mental disorders is consistent with our results (Gaul-Alácová 

et al., 2005; Toni et al., 2016). In an RCT, Toni et al. (2016) demonstrated that an 

exercise intervention (in combination with antidepressant use) efficaciously increased 

resting vmHRV in elderly depressed participants with a large effect size compared with 

antidepressant use alone. A meta-analysis of the effects of regular exercise on HRV 

indices among non-clinical samples (Sandercock et al., 2005) demonstrated a 

moderate within-group effect size on increasing resting vmHRV. These comparisons 

indicate that the results about an exercise-induced increase in resting vmHRV among 

disorder-specific and non-clinical samples might be transferable to samples with 

diagnostically heterogenous mental disorders.  

The current finding about the small (non-significant) effect of the exercise 

intervention on perceived stress is in line with previous meta-analytical findings 

(Jacquart et al., 2019). Authors demonstrated a small effect on self-reported stress 

reactivity among healthy samples and a small but not-significant effect on self-reported 

distress tolerance (i.e., the perceived ability to tolerate stressors) among healthy 

samples and samples with anxiety disorders. Effects can be compared to our study 

results of the effects on perceived stress because self-reported stress reactivity and 

distress tolerance are strongly correlated with perceived stress (Felton et al., 2017; 

Schlotz et al., 2011). Study results expand on limited evidence about effects of exercise 

interventions on resting vmHRV and perceived stress by investigating this effect in a 

clinical sample of diagnostically heterogenous mental disorders.  

The increase in resting vmHRV seem to be a transdiagnostic mechanism of 

action that underlies immediate beneficial effects of exercise interventions on global 

symptom severity across diagnostically heterogenous mental disorders. The finding of 

a partial mediation assumes additional underlying mechanisms (e.g., reduction in 

rumination, increase in self-efficacy) of treatment effects. We are aware of only one 

study that also investigated an increase in resting vmHRV as a mechanism that 

mediates treatment effects of exercise in a clinical sample (Toni et al., 2016). In the 

exercise trial of elderly depressed patients (Toni et al., 2016), the authors examined 

the effects of resting vmHRV on depression status using a correlational analysis. An 
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increase in resting vmHRV and remission from depression were not significantly 

associated. Although based on an exploratory analysis, the results suggest that factors 

other than an increase in resting vmHRV may have mediated the treatment effects. 

Contrasting results in our study could have been caused by a different outcome and 

sample. While the authors used a cut-off score of the Hamilton Depression Rating 

Scale to define remission (yes/no), we used a continuous variable as the study 

outcome. Continuous variables contain more information than dichotomous ones. 

Thus, it could be assumed that our findings about vmHRV as a partial mediator of 

treatment outcomes of exercise might be more valid. Similar to the statistical analysis 

of Toni et al. (2016), mechanisms of action are often investigated using correlation 

analyses (e.g., Jacquart et al., 2019). A correlation analysis, however, is not sufficient 

to make assumptions about mediators of treatment effects (Kazdin, 2007).  

Study results extend the current state of research regarding transdiagnostic 

mechanisms mediating treatment effects of exercise interventions by using a 

diagnostically heterogenous clinical sample and mediation analyses. To date, very little 

research has been established about transdiagnostic mechanisms that may mediate 

treatment effects of exercise interventions across diagnostically heterogenous mental 

disorders. They are either assumed based on theoretical considerations (e.g., 

Ekkekakis, 2003), longitudinal or cross-sectional studies (e.g., Klaperski, 2018). 

Moreover, limited experimental studies are usually conducted with healthy and 

disorder-specific samples (Jacquart et al., 2019). Therefore, we established valid 

empirical evidence about transdiagnostic mechanisms of action of exercise 

interventions across diagnostically heterogeneous mental disorders. Results are 

important to improve the efficacy of exercise interventions and to tailor them to the 

needs of diagnostically heterogeneous mental disorders. 

3.2.2 Long-term intervention effects and transdiagnostic mechanisms 

The results presented above (see section 2.3) suggest that ImPuls might be a 

long-term efficacious treatment by reducing global symptom severity and revealing 

clinically significant changes one year after the intervention had ended. Hence, 

treatment gains of ImPuls immediately after the intervention (Manuscript 1) were 

maintained after the intervention period. The current results support previous meta-

analytical evidence about follow-up effects of disorder-specific exercise interventions 

(Siu et al., 2021). Previous studies suggest small follow-up effect sizes of exercise 

interventions for improving depression (Cooney et al., 2013), anxiety (Aylett et al., 
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2018) and insomnia (Siu et al., 2021) over active and non-active controls. Slightly 

inferior effect sizes in previous studies might be due to the comparison to active control 

groups or a potential superiority of transdiagnostic interventions over disorder-specific 

ones (see section 3.2.1). Exercise trials often include no or relatively short follow-up 

periods (e.g., three weeks) (Aylett et al., 2018; Cooney et al., 2013; Siu et al., 2021). 

Therefore, we expand previous research by demonstrating the maintenance of 

symptom improvement even one year after participating in an exercise intervention. In 

addition, to the best of our knowledge, this is the first study that examined follow-up 

effects of an exercise intervention on global symptom severity in a diagnostically 

heterogenous sample with mental disorders. 

Furthermore, the intentional use of exercise to cope with negative affect seems 

to play a key role for remaining treatment effects (Sudeck et al., 2022). An increase in 

exercise-specific affect regulation mediated long-lasting treatment effects on global 

symptom severity and clinically significant changes. Therefore, our results support 

theoretical considerations (Pfeifer et al., 2013; Sudeck et al., 2016) and empirical 

evidence about the importance of exercise-specific affect regulation to improve mental 

health (Sudeck et al., 2022). We extent the previous evidence by experimentally 

investigating its mediating role on long-lasting effects of exercise and by using a 

diagnostically heterogenous clinical sample that shared affect regulation deficits 

(Gross et al., 2019). Furthermore, results challenge previous empirical evidence 

suggesting that long-term exercise behavior alone is responsible for treatment effects 

(Babyak et al., 2000; Hoffman et al., 2011). Even though ImPuls led to long-lasting 

exercise, the increase in exercise did not mediate long-lasting treatment effects. 

Results are in accordance with findings from Manuscript 2 (see section 2.2) 

demonstrating that the increase in the ability to adaptively cope with stressors partially 

mediate immediate treatment effects. Hence, maintaining the ability to reduce negative 

affect (including stress), by using exercise as an affect regulation strategy during a 

follow-up period, seems to be important for remaining treatment effects. Results 

suggest that BCTs which particularly aimed to promote exercise-specific affect 

regulation might be a key component of exercise interventions to reveal reliable 

treatment gains. Mechanisms that underlie long-lasting treatment effects of exercise 

interventions had been relatively unknown. Therefore, results provide important 

evidence regarding the identification of essential components of exercise interventions 

for long-lasting efficacy. 
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Although the assessment of clinically significant changes (Jacobson et al., 

1991) has been considered as the most encompassing method to assess treatment 

gains (Loerinc et al., 2015), it has been rarely included within exercise trials. Hence, 

results provide novel insights into the long-term efficacy of exercise trials on global 

symptom severity with respect to both, statistical significance based on group level and 

individual clinically meaningful treatment responses.  

3.3 Strength and limitations 

3.3.1 Strengths 
The strengths of the study are manifold. First, the design of the study can be 

mentioned as a major strength. The use of an RCT (i.e., random assignment to 

intervention or control group, concealment, intention-to-treat analysis, pre-specified 

primary outcomes, ethical approval, registration in a clinical trials database) increased 

validity of study results (Kunz et al., 2007). Therefore, an RCT is considered the gold 

standard for evaluating the efficacy of interventions. In addition, equality of treatment 

arms and allocation maximized internal validity (Hey et al., 2014). By establishing strict 

inclusion and exclusion criteria, factors that could bias outcome measures were 

controlled for (Stanley, 2007). Furthermore, the long-term follow-up period of one year 

after post-treatment contributes to evidence about long-term effects of exercise long 

beyond a treatment period. Long-term follow-up effects had been rarely investigated 

or only with short-term follow-up periods (Aylett et al., 2018; Cooney et al., 2013).  

Second, the mechanisms of action underlying the treatment effects of exercise 

have never been studied in this way: 1) assessments of transdiagnostic mechanisms 

across a diagnostically heterogenous sample, 2) mechanisms that underlie short-term 

and long-term treatment effects, 3) conduction of valid and reliable mediation analyses 

using SEMs and the intention-to-treat sample. Previous experimental studies have 

either investigated potential mechanisms of action in non-clinical or disorder-specific 

samples (e.g., Jacquart et al., 2019) which do not allow to draw conclusions about 

transdiagnostic mechanisms of action across diagnostically heterogenous mental 

disorders. Similarly, mechanisms of action are often investigated using correlation 

analyses (e.g., Jacquart et al., 2019). A correlation analysis, however, is not sufficient 

to make assumptions about mediators of treatment effects (Kazdin, 2007).  

Third, the implementation of the exercise intervention ImPuls among realistic 

groups of outpatients (i.e., the proportion of mental disorders in the current sample 

corresponds to the prevalence of these mental disorders in Germany (Global Burden 
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of Disease Collaborative Network, 2020), comorbid and non-comorbid clinical 

diagnoses (Kessler et al., 2005), a large number of included patients with severe, 

clinically elevated symptomatology, wide age range) within a naturalistic outpatient 

setting (i.e., during waiting periods for psychotherapy) is another strength. Hence, 

study results may predict a successful applicability of ImPuls in outpatient mental 

health care settings in Germany.  

Fourth, the inclusion of global symptom severity with clinically significant 

changes as primary outcome and the use of resting vmHRV as a physiological indicator 

of the ability to adaptively cope with stressors can be mentioned as an additional 

strength. The Global Severity Index of the SCL-90 was used to measure global 

symptom severity. The SCL-90 is an instrument that can reliably and validly assess 

global symptom severity and clinically significant changes across diagnostically 

heterogeneous mental disorders (Derogatis et al., 2010). In addition, the use of this 

instrument is widespread internationally (Derogatis, 1994). Therefore, the results of the 

study can be compared with international findings on the effects of different treatments 

on symptom severity. A global measure of symptom severity and the assessment of 

clinical significance have rarely been applied in exercise trials. Therefore, our study 

results provide new insights into the efficacy of exercise on global symptom severity 

across diagnostically heterogenous mental disorders as well as into the efficacy on 

individual clinically meaningful responses to treatment. Furthermore, the physiological 

measure of the ability to adaptively cope with stressors (i.e., HRV-RMSSD) might have 

reduced potential bias (e.g., recall bias) of retrospective self-report measures. 

3.3.2 Limitations 
The dissertation has several limitations that need to be considered when 

interpreting results. First, the high attrition rate can be mentioned as a major limitation. 

The high number of dropouts at post-treatment and at follow-up combined with a 

significant differential dropout between conditions at post-treatment might have biased 

results. To reduce this potential source of bias, we handled missing data in each 

manuscript as follows: 1) Mechanisms of missingness were assessed using Little’s test 

of missing completely at random, 2) analyses were performed on the intention-to-treat 

sample using the (full-information) maximum likelihood method that is offered in the R 

package lme4 for LMMs (Bates et al., 2015) and lavaan for SEM (Rosseel, 2012), 3) 

per-protocol analyses (completers only) assessed whether the inclusion and exclusion 

of dropouts influenced results, 4) baseline values between completers and dropouts 
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were compared. Missing data were missing at random, sensitivity analyses yielded 

largely identical results and we found no differences between completers versus 

dropouts which mitigates the source of bias.  

Second, by using a passive control condition, we could not control for non-

specific treatment effects. Nevertheless, we could demonstrate that an increase in 

exercise (exploratory assessed; Manuscript 1) and an increase in the ability to 

adaptively cope with stressors (Manuscript 2) might be transdiagnostic mechanisms of 

action of the immediate reduction in global symptom severity. In addition, an increase 

in exercise-specific affect regulation might be a transdiagnostic mechanism of action 

of the long-term reduction in global symptom severity (Manuscript 3). These results 

propose that the increase in exercise and exercise-specific affect regulation as well as 

the increase in the ability to adaptively cope with stressors might mediate treatment 

effects of the exercise intervention across diagnostically heterogenous mental 

disorders and not (only) other non-specific effects of treatment.  

Third, the power calculation was based on disorder-specific effects of exercise 

(depression, anxiety, sleep quality) (Kelley et al., 2017; Powers et al., 2015; Schuch et 

al., 2016) of immediate intervention effects. Therefore, the sample size was not 

intended to detect effects of transdiagnostic mechanisms (e.g., perceived stress) or 

long-term treatment effects. Hence, it might be possible that the power was not 

appropriate to find certain effects (e.g., a reduction in perceived stress).  

Fourth, the sample was selective which might have diminished the external 

validity of results: 1) the sample took part voluntarily, 2) only one participant was 

diagnosed with ADHD which limits the generalizability of results to individuals with that 

particular mental disorder, 3) participants' mean baseline resting vmHRV and 

perceived stress levels were not lower compared with non-clinical samples (Nunan et 

al., 2010; Schneider et al., 2020). Thus, levels of resting vmHRV and perceived stress 

in the current sample may not be representative of a broader population of individuals 

with mental disorders (e.g., Koch et al., 2019; Schneider et al., 2020).  

Fifth, even though there was a high standardization in HRV assessment 

(Manuscript 3), we did not control for some factors that could have potentially 

influenced HRV parameters. For instance, we did not standardize the timing of the 

assessment (van Eekelen et al., 2004) or participants’ posture (e.g., knees at 90◦ 

angle, both feet flat on the floor, hands on thighs) (Laborde et al., 2017). Furthermore, 

we did not objectively measure potentially confounding variables that we controlled for 
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(e.g., normal sleep routine), as recommended (Laborde et al., 2017).  

3.4 Future directions 

Future research is warranted to replicate results by addressing the limitations of 

the current study. First, it would be important to incorporate strategies that could reduce 

the attrition rate in the entire sample and particularly in the control group. We propose 

the following strategies to reduce attrition rates in exercise trials with mental disorders: 

1) the comparison of the exercise intervention plus TAU versus TAU alone would 

reduce the necessity of excluding participants due to administrative reasons (e.g., 

change in treatment during the intervention period), 2) to ensure participants’ 

willingness to take part in the assessments, financial incentives could be raised 

(Khadjesari et al., 2011), 3) regular reminders of upcoming assessments would allow 

to increase participants’ awareness of this assessment point. To avoid high attrition 

rates, particularly among the control group, it might be useful to 1) replicate findings 

with an active control condition (e.g., psychotherapeutic treatment) with similar 

duration and regularity of meetings, or 2) increase the attractiveness to continue 

participating in the study, for instance by providing intervention materials after the last 

assessment point. The use of an appropriate active control condition would also allow 

to control for non-specific factors of treatment. In addition, it would allow better 

comparability with previous interventions because active controls are predominantly 

used. 

Second, study results need to be replicated with an a priori power calculation 

for mediation analyses, follow-up analyses, or oriented on the variable on which 

exercise interventions showed the smallest effect (e.g., perceived stress). The 

resulting larger sample size would allow to investigate the efficacy of exercise among 

further subgroups (e.g., only anxiety disorders, comorbid vs. non-comorbid diagnoses, 

high vs. low levels of resting vmHRV or perceived stress, medicated vs. non-

medicated). Thus, a larger sample size would provide novel insights into potential 

differences in the efficacy of exercise interventions across specific subgroups. 

Furthermore, a larger sample size would allow the testing of additional transdiagnostic 

mechanisms of actions (e.g., anxiety sensitivity, self-efficacy) (Jacquart et al., 2019) 

and their individual contribution to treatment effects. This would provide valuable 

insights into essential components of exercise interventions for diagnostically 

heterogenous mental disorders. This knowledge could be used to increase efficacy of 

exercise interventions that can be used for diagnostically heterogenous mental 

42



disorders that share similar transdiagnostic mechanisms. A follow-up project with a 

larger sample size is currently being conducted to further investigate transdiagnostic 

mechanisms of ImPuls (Wolf et al., 2021).  

Third, to reduce selection bias, it might be useful to select participants who do 

not participate in the intervention only voluntarily. For example, ImPuls could be 

conducted as a standard treatment in a psychiatric hospital. Participants could also be 

screened according to a certain characteristic (e.g., motivation for exercise) to ensure 

that a large variance of this characteristic (e.g., low, moderate, and high motivation for 

exercise) is present in the study. Pre-selection would also avoid that shared 

characteristics (e.g., high motivation for exercise) influence results. In addition, the 

efficacy of ImPuls could be examined among a sample with different characteristics. 

For example, ImPuls could be conducted with children, adolescents or older adults 

since evidence suggests that exercise interventions can reduce psychopathological 

symptoms across all age groups (Ashdown-Franks et al., 2020; Seiffer et al., in press). 

Furthermore, the sample might be extended to other mental disorders for which 

exercise has shown to be efficacious, such as schizophrenia (Ashdown-Franks et al., 

2020). To further reduce selection bias, the intervention could be extended to 

individuals receiving TAU (e.g., psychotherapy). The follow-up project (Wolf et al., 

2021), mentioned in the previous paragraph, compares ImPuls (plus TAU) with TAU 

alone.   

Fourth, the standardization of the HRV assessment could be increased. For 

example, one could control for participants’ sitting position during the assessment or 

conduct questionnaires prior to assessment that control for specific factors (e.g., 

previous caffeine intake) that could potentially influence HRV results. It would be 

interesting to measure not only the effects of exercise on the ability to adaptively cope 

with stressors but also on general physiological stress levels. To measure 

physiological stress levels, sympathetic activity (e.g., via pre-ejection period) and the 

activity of the hypothalamus-pituitary-adrenal (HPA) axis (e.g., via cortisol or alpha 

amylase, in addition to vmHRV and perceived stress, need to be assessed 

(Charmandari et al., 2005). To gain a more comprehensive understanding of the effects 

of exercise on the ability to cope with stressors, stress reactivity and recovery could 

additionally be examined (Laborde et al., 2018). Stress reactivity and stress recovery 

could be investigated using valid stress tests, such as the Trier Social Stress Test 

(Kirschbaum et al., 1993), or using ecological momentary assessments (Shiffman et 
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al., 2008) for investigations in natural settings. In addition, to be able to draw clearer 

causal conclusions about mechanisms of action, studies are needed that manipulate 

those mechanisms and measure them prior the outcome (Kazdin, 2007; Kraemer et 

al., 2002).  

3.5 Practical implications 
Exercise interventions such as ImPuls could be implemented as a standard 

(stand-alone or add-on) treatment in the outpatient mental health care in Germany 

because they could contribute significantly to improve the outpatient mental health 

care. The long-term efficacy suggests that ImPuls is a sustainable treatment that could 

improve the course of mental disorders in the long-term. Consequently, no or fewer 

follow-up treatments might be needed after participating in exercise intervention. As a 

result, exercise interventions as a standard outpatient treatment would improve the 

large treatment gap in Germany and its severe consequences  (see Figure 1 and 

section 1.4). To reveal short- and long-term efficacy, exercise interventions designed 

for outpatient mental health settings need to integrate key components of ImPuls: 1) 

characteristics of exercise interventions that have been associated with optimal 

efficacy in in treating diagnostically heterogenous mental disorders and 2) the inclusion 

of BCTs that promote long-lasting exercise behavior and exercise-specific affect 

regulation (see section 1.5). 

3.6 Conclusion 
The present dissertation demonstrates that the exercise intervention ImPuls, 

combining regular exercise with BCTs and designed for diagnostically heterogeneous 

outpatients, has the potential to improve disorder-specific symptoms and global 

symptom severity across depressive disorders, anxiety disorders, insomnia and ADHD 

compared to a passive control condition. Treatment gains were maintained one-year 

after the end of the intervention. Potential mechanisms of immediate intervention 

effects were increases in exercise and the ability to adaptively cope with stressors; the 

potential mechanism of long-lasting treatment effects was an increase in exercise-

specific affect regulation. Thus, exercise interventions such as ImPuls could provide a 

feasible, efficacious, and sustainable evidence-based treatment for a broad range of 

outpatients. Consequently, defining exercise interventions as a standard outpatient 

treatment could help to close the treatment gap that exists in the German mental health 

care system. Results of the present dissertation make an important contribution to the 

understanding of the transdiagnostic mechanisms of exercise interventions which are 
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still poorly investigated. In addition, they demonstrate that exercise interventions can 

be used in the treatment of diagnostically heterogenous patients that share similar 

transdiagnostic mechanisms. This will allow for progress in the treatment of 

diagnostically heterogeneous mental disorders as essential treatment components 

may have been identified. Future studies are needed to replicate the results with an 

active control condition as well as a larger, broader, and less-selective sample to 

increase external validity. Future research should focus on the investigations of other 

transdiagnostic mechanisms of action to further strengthen the efficacy of exercise 

interventions for diagnostically heterogenous mental disorders. 
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Abstract

Background: Exercise efficaciously reduces disorder-specific symptoms of psychiatric disorders. The current study
aimed to examine the efficacy of a group exercise intervention on global symptom severity and disorder-specific
symptoms among a mixed outpatient sample.

Methods: Groups of inactive outpatients, waiting for psychotherapy, with depressive disorders, anxiety disorders,
insomnia, and attention-deficit/hyperactivity disorders were randomized to a manualized 12-week exercise
intervention, combining moderate to vigorous aerobic exercise with techniques for sustainable exercise behaviour
change (n = 38, female = 71.1% (n = 27), Mage = 36.66), or a passive control group (n = 36, female = 75.0% (n = 27),
Mage = 34.33). Primary outcomes were global symptom severity and disorder-specific symptoms, measured with the
Symptom Checklist-90-Revised and Pittsburgh Sleep Quality Index pre- and post-treatment. Secondary outcome was
the self-reported amount of exercise (Physical Activity, Exercise, and Sport Questionnaire), measured pre-treatment,
intermediate-, and post-treatment. Intention-to-treat analyses were conducted using linear mixed models. Linear
regressions were conducted to examine the effect of the change of exercise behaviour on the change of symptoms.

Results: The intervention significantly improved global symptom severity (d = 0.77, p = .007), depression (d = 0.68,
p = .015), anxiety (d = 0.87, p = .002), sleep quality (d = 0.88, p = .001), and increased the amount of exercise (d = 0.82,
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the reduction of global symptom severity was significantly predicted by an increase of exercise (b = .35, p = .012).

Conclusions: The exercise intervention showed transdiagnostic efficacy among a heterogeneous clinical sample in a
realistic outpatient setting and led to sustained exercise behaviour change. Exercise may serve as an efficacious and feasible
transdiagnostic treatment option improving the existing treatment gap within outpatient mental health care settings.
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Background
In 2019, psychiatric disorders affected about 15.6%
(point prevalence) of the population in Germany [1].
Psychiatric disorders result in a considerable burden of
disease, accounting for 6.4% of disability-adjusted life
years (DALYS) [1] and increasing the risk for cardiovas-
cular diseases [2]. The most frequent and burdensome
psychiatric disorders are depressive disorders (point
prevalence: 4.3%), anxiety disorders (point prevalence:
7.1%), including obsessive compulsive disorders (OCD)
and posttraumatic-stress disorder (PTSD), and insomnia
(point prevalence: 4%) [1, 3]. Epidemiological studies
demonstrated that comorbidity across these disorders is
rather the rule than the exception [4]. Additionally, these
disorders show a comorbidity with other psychiatric dis-
orders, such as attention deficit hyperactivity disorder
(ADHD) [5]. Comorbidity is related to an increased im-
pairment, a worse prognosis and stronger chronicity of
symptoms compared to people affected by one single
mental disorder [6–8]. The high prevalence and burden
of psychiatric disorders as well as their comorbid occur-
rence, emphasize the substantial need for treating psy-
chiatric disorders. However, in Germany, only 10% of all
individuals with psychiatric disorders receive evidence-
based treatment and only 2.5% receive psychotherapy
[9]. Furthermore, in 2018, the average waiting time for
psychotherapeutic treatment was approximately 5
months [10]. The high necessity for treatment, on the
one hand, and deficits in mental health care, on the
other hand, illustrates the severe gap between people in
need for treatment and those actually receiving it [11].
This treatment gap aggravates the burden of psychiatric
disorders because the absence or delay in treatment can
lead to worsening and chronicity of symptoms and add-
itionally to the development of comorbid diagnoses [10].
Thus, there is a demand for treatment that can improve
this treatment gap by being applicable and efficacious to
individuals who meet criteria for one or more clinical
diagnoses and also for groups of heterogenous disorders.
In addition, this treatment would need to be easily and
fast accessible (i.e., efficient) to increase the number of
people receiving treatment.
The mental health care is dominated by treatments,

that are tailored to specific disorders (i.e., disorder-
specific treatments) [12] and are usually conducted in
individual format rather than in group format [13].
However, considering clinical reality with heterogenous
and also comorbid presentations of diagnoses [4], the
conduction of those treatments is not efficient because
multiple treatment protocols for different specific
disorders need to be applied [12]. Furthermore,
disorder-specific treatments no longer correspond to
recent evidence supposing that underlying shared com-
mon etiological and maintenance processes rather than

specific diagnoses should be considered when treating
psychiatric disorders [12, 14].
To address these underlying mechanisms instead of

specific disorders, transdiagnostic psychological treat-
ments, that “[ …] apply the same underlying treatment
principles across mental disorders without tailoring the
protocol to specific diagnoses” ([26], p.21) have been
developed [27, 28, 29, 30, 31]. Recent meta-analyses [27–
31], that evaluated the efficacy of transdiagnostic psycho-
logical treatments, such as transdiagnostic cognitive be-
havior therapy (CBT) [27], among patients with depressive
disorders and/or anxiety disorders over comparison or
control interventions (i.e., diagnosis-specific intervention
control, treatment-as-usual, or a waitlist control), demon-
strated moderate to large effect sizes. This suggests that
transdiagnostic treatments can efficaciously augment
dominating disorder-specific treatments [12].
There is a body of evidence assuming that exercise,

defined as physical activity that is planned, structured,
and repetitive, with the primary aim to improve or main-
tain physical fitness [32] might represent a potential
transdiagnostic treatment for depressive disorders, anx-
iety disorders, insomnia and ADHD. Findings of a recent
meta-analysis [33] investigating the effects of exercise on
underlying processes of these psychiatric disorders (i.e.,
anxiety sensitivity, distress tolerance, stress reactivity,
and general self-efficacy) revealed a large effect of
exercise on reducing anxiety sensitivity, a moderate ef-
fect on increasing general self-efficacy and a small effect
on reducing stress reactivity. Similarly, a recent meta-
analysis of randomized controlled trials (RCTs) [34],
which examined the impact of exercise on sleep quality
among people with psychiatric disorders, revealed a large
beneficial effect on the improvement of sleep quality.
Supporting the assumption of the transdiagnostic effi-
cacy of exercise, results of numerous systematic reviews
and meta-analyses have suggested moderate to large
disorder-specific effects of exercise on depressive disor-
ders [35, 36], anxiety disorders [37, 38], insomnia [39,
40] and ADHD [41, 42] over non-active [37, 39], or ac-
tive and non-active controls [35, 36, 38, 40, 41].
Exercise conducted two to three times per week, for

approximately 10 weeks, at a minimum of moderate in-
tensity and a duration of 30min, partially supervised or
non-supervised, solely aerobic or aerobic combined with re-
sistance training, are key components of previous disorder-
specific exercise interventions and seem to be associated
with optimal therapeutic efficacy among patients with spe-
cific disorders [33, 35,37, 43]. These beneficial effects, such
as the reduction of depressive symptoms, seem to be only
sustainable when exercise is conduced and maintained on a
regular base. In an exercise trial [44], the antidepressant ef-
fect of exercise was compared to those of psychopharma-
cotherapy in patients with depressive disorders. Both
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conditions showed similar improvements in depressive
symptoms. In the one-year follow up study, however, this
effect was only maintained for those participants who en-
gaged in exercise on a regular base [45]. Exercise interven-
tions combined with behavior change techniques (BCTs),
that increase motivation and volition for exercise seem to
increase the initiation and maintenance of exercise among
healthy and psychiatric samples [46, 47, 48, 49].
Despite of the promising evidence of the efficacy of

exercise among specific disorders and underlying pro-
cesses across disorders, to the best of our knowledge,
the effects of exercise have never been investigated
across a broad range of diagnostically heterogeneous
and a highly comorbid clinical sample in a realistic
outpatient setting. Furthermore, as far as we know,
there is no exercise trial that includes heterogenous
disorders and assessed global symptom severity with a
reliable and clinical measure.
Therefore, the manualized group exercise intervention,

named “ImPuls” [50], was developed. The intervention
was developed for inactive outpatients, waiting for psy-
chotherapeutic treatment in German health care settings
in outpatient units and practices, suffering from one or
more diagnoses of depressive disorders, anxiety disor-
ders, insomnia, and ADHD. The exercise intervention
integrates the most recent findings about optimal mo-
dalities of exercise for therapeutic efficacy for the
targeted disorders and sustainable behavior change by
integrating behavior change techniques (BCTs). All
components of this intervention are tailored to the care
reality of outpatients with psychiatric disorders to offer
an efficient treatment option in the outpatient mental
health care setting: 1) including a broad range of
heterogenous diagnoses for which prior research has
demonstrated therapeutic efficacy, 2) conducting the
intervention in group format, 3) short duration (i.e., 4
weeks of supervised sessions, 8 weeks non-supervised
exercise) to be feasible during waiting times for
psychotherapy.
The primary hypothesis was that participants of the

intervention group would demonstrate lower global
symptom severity and disorder-specific symptoms
(depression, anxiety, sleep quality) at post-treatment
assessment compared to a passive control group. The
secondary hypothesis was that participants of the
intervention group would demonstrate a significant
larger amount of exercise at intermediate- and post-
treatment assessment compared to the control group.
It was further hypothesized that the increase of the
amount of exercise from pre- to post-treatment as-
sessment would predict the reduction of global symp-
tom severity and disorder-specific symptoms from
pre- to post-treatment assessment across both treat-
ment arms.

Methods
Study design
The study was conducted at the University of Tuebingen.
Active enrollment lasted from April 2018 to October
2019. The study was registered on ClinicalTrials.gov (ID:
NCT03542396, 25/04/2018) and approved by the local
ethics committee for psychological research (Az_Wolf_
2018_0108_99). A block-randomized (allocation ratio 1:1)
parallel trial with two treatment arms (intervention group,
control group) and three measurement points (pre-, inter-
mediate-, post-treatment assessment) was conducted. Pri-
mary outcomes were assessed at pre- and post-treatment
assessment; secondary outcome at pre-, intermediate- and
post-treatment assessment. The study was reported ac-
cording to the Consolidated Standards of Reporting Trials
(CONSORT) statement [51].

Recruitment and participants
Recruiting was performed at the outpatient clinic of the
University of Tuebingen, medical and psychotherapist’s
offices, and by media advertising. Inclusion criteria were
age between 18 and 65 years, fluent in German, no med-
ical contraindications for exercise (participants needed
to receive a medical consultation prior to the interven-
tion that confirmed participant’s ability to exercise), on a
waiting-list for outpatient psychotherapy and diagnosed
according to DSM-IV-TR with at least one of the follow-
ing disorders: depressive disorders (F32, F33, F34.1),
anxiety disorders (F40.0, F40.1, F40.2, F41.0, F41.1,
F41.2, F42, F43.1, insomnia (F51.0), and ADHD (F90.0,
F90.1, F98.8). Exclusion criteria included: acute sub-
stance use disorders (F10.2, F11.2, F12.2, F13.2, F14.2,
F15.2, F16.2, F18.2, F19.2), chronic pain disorder (F45.1),
eating disorders (lifetime; F50), bipolar disorder (lifetime;
F31), antisocial personality disorder (F60.2), borderline
personality disorder (F60.3), acute suicidal tendencies,
regular exercise (≥ 30min/week), change (i.e., reduction
and increase) of psychopharmaceuticals (≤ 2 months).
Any change in treatment led to a withdrawal from the
study.
The sample size was determined a-priori through

power analysis, using G*Power ([52], v. 3.1.9.7.). A
moderate to large effect (Cohen’s d = 0.74) of the mean
post-difference between the two groups for the primary
outcome was expected. Effect estimation was the median
of the effect of exercise on disorder-specific symptoms
of depressive disorders, anxiety disorders and insomnia.
Since a small number of eligible participants with
ADHD was expected, the effect of exercise on symptoms
of ADHD was not included in the effect estimation.
Effect sizes were derived from the most recent meta-
analyses and RCTs available at the time of trial design
[36, 40, 53]. With significance level: α = .05, Power: 1-
β = .80, allocation ratio N2/N1: ε = 1, the required
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sample size for a two-tailed t-test for independent sam-
ples was N = 60. With an expected dropout rate of 18%
for a clinical sample in an RCT [38], the total sample re-
sulted in N = 71. This resulted in a group size of ap-
proximately n = 36 for each group.

Randomization
Randomization was performed when the maximum of
participants for one treatment group (n = 5–10) was
eligible and/or when remaining waiting time for psycho-
therapy was shorter than intervention period (≤3
months). Participants were assigned a code, which was
sent to a research assistant. They were randomly
assigned to a group, based on a randomization table,
stratified by age and symptom severity (Global Assess-
ment of Functioning Scale, GAF) for each group, using
MATLAB (9.6.0, R2019a). The study therapist received
the allocation information, matched the codes to partici-
pants and informed them of their group allocation.

Procedure
Psychologists performed a preliminary telephone screen-
ing of eligibility criteria. Eligible participants were invited
to the University of Tuebingen where they first com-
pleted a demographic questionnaire. Research assistants,
who were trained in the conduction of structured clin-
ical interviews, conducted the structured clinical inter-
view for DSM-IV (SCID) [54] for eligibility criteria.
ADHD was diagnosed by DSM-IV criteria through the
Homburg ADHD Scales for Adults (HASE) [55]. Primary
insomnia was diagnosed by DSM-IV criteria combined
with the Pittsburgh Sleep Quality Index (PSQI) [56].
Participants signed an informed consent form and com-
pleted online questionnaires via a secure online survey
software Sosci Survey [57] prior to randomization. This
pre-treatment assessment was conducted on an average
of 23.15 days (SD = 22.19) prior to the start of the
intervention.
Ten groups of five-to-ten participants were sequen-

tially allocated to the intervention group or control
group. The intervention group completed the exercise
intervention, while the control group did not receive any
treatment. At week 9 of the intervention (intermediate-
treatment assessment), participants’ amount of exercise
was assessed. No other assessments were conducted at
this assessment point. Intermediate-treatment assess-
ment was scheduled at week 9 of the intervention
because it was middle of the non-supervised time. The
non-supervised intervention period started at week 5 of
the intervention and lasted 8 weeks in total.
One-to-two weeks after intervention (post-treatment

assessment), the same procedure of the pre-treatment as-
sessment was performed. The SCID was also conducted
again at post-treatment assessment by an outcome

assessor (research assistants, who were trained in the
conduction of structured clinical interviews) that was
blind to group assignment. Afterwards, the control
group received 50€ as a compensation for their time. All
participants were offered preferential psychotherapy at
the outpatient clinic in Tuebingen after post-treatment
assessment. The final post-treatment assessment was
conducted in October 2019.

Assessments
Primary outcomes

Global symptom severity Global symptom severity was
measured by the Global Severity Index (GSI) of the
German version of the self-reported questionnaire
Symptom Checklist-90-Revised (SCL-90-R [58];). The
GSI comprises the average distress rating on all symp-
tom scales and ranges from 0 to 4. Higher scores indi-
cate higher distress. Clinically relevant changes are
defined as a change on the GSI of at least 0.26 [58].
Among patients with affective disorders, the GSI has
demonstrated good internal consistency (α = .97) and
construct validity (r = .77) [59]. The internal consistency
in the current study was α = .97 for the GSI.

Depression and anxiety Depression and Anxiety were
measured by the sub scores Depression and Anxiety of
the self-reported questionnaire SCL-90-R [58]. Items of
the depression sub score ask participants for symptoms
of depression (e.g., “How much did you suffer from a de-
crease in your interest or pleasure in sexuality in the
past few days?”) and items of the anxiety sub score for
symptoms of anxiety (e.g., “How much did you suffer
from nervousness or inner trembling in the past days?”).
Scales ranges from 0 to 4 with higher scores indicating
higher distress. Symptoms are clinically raised when T-
values are ≥60. Among patients with affective disorders,
the depression scale (α = .89) and anxiety scale (α = .87)
have demonstrated internal consistency and construct
validity (r = .80 for depression and r = .61 for anxiety)
[59]. The internal consistency in the current study was
α = .91 for depression and α = .90 for anxiety.

Sleep quality Sleep Quality was measured by the global
sleep quality score of the German version of the self-
reported questionnaire Pittburgh Sleep Quality Index
(PSQI [56];). The global sleep quality score is the sum of
seven sleep component scores (range of component
scores: 0–3): subjective sleep quality (“Over the last four
weeks, how would you rate your overall sleep quality?”),
sleep latency (e.g., “Over the last four weeks, how long
have had it usually take you to fall asleep at night?),
sleep duration (e.g., “Over the last four weeks, how many
hours have you actually slet per night?”), habitual sleep
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efficiency (e.g., “Over the last four weeks, what time have
you usually gotten up in the morning?”), sleep distur-
bances (e.g., “Over the last four weeks, how often have
you had a bad night’s sleep because you couldn’t fall
asleep within 30 minutes?”), use of sleeping medications
(e.g., “Over the last four weeks, how often have you
taken sleeping pills (prescribed by a doctor or over-the-
counter)?”), and daytime dysfunction (e.g., “Over the last
four weeks, how often have you had difficulty staying
awake, such as while driving, eating, or attending social
events?”). The global sleep quality score can vary from 0
to 21 with a cut-off score of 5, identifying clinically
raised sleep impairment [56]. It has shown a high sensi-
tivity (98.7%) and specificity (84.4%) in identifying in-
somnia [60]. In the literature, the internal consistency
for the global sleep quality score was α = .77 [61]. In the
current study, it was α = .67.

Secondary outcome: exercise
The amount of exercise was measured using the self-
reported exercise activity index of the physical activity,
exercise, and sport questionnaire (BSA questionnaire
[62];). Participants specify whether they have engaged in
regular exercise in the past 4 weeks (“Have you engaged
in regular exercise in the past 4 weeks?”). If they have
engaged in regular exercise, participants were asked to
specify the type (“What kind of exercise activity (ies)
have you engaged in?”), frequency and duration (“I have
engaged in activity x approximately … times in the past
four weeks, every time for approximately … minutes”) of
it. The exercise activity index indicates the average
minutes of exercise per week. The BSA questionnaire
can validly assess changes in exercise behavior. Data of
reliability is not available [62] and could not be analyzed
for the current study it because this scale consists of one
item only.

Further assessments
Further measures (self-reported questionnaires),
described in the trial registration, but not included in
the current evaluation, were the Sleep Questionnaire B-
Revised version (SF-B [63];), Perceived Stress Scale (PSS
[64];), 36-Item Short Form Health Survey (SF-36) (SF-36
[65];), Self Concordance of Sport- and Exercise-related
Goals Scale (SKK-Scale [66];), Scales that assess motiv-
ation and volition for exercise [67], and Physical
Activity-related Health Competence Questionnaire [68].
Accelerometer derived exercise at seven consecutive
days was assessed. 5-min resting heart rate variability
was assessed by a trained research assistant.

Exercise intervention
The 12-week exercise intervention “ImPuls” [69] was
conducted in a group format of three to four

participants and divided into a supervised and non-
supervised period. Behaviour change techniques (BCTs),
such as self-efficacy, goal setting, self-monitoring, forma-
tion of concrete exercise plans and coping planning,
were integrated to promote sustained exercise behaviour
change [49, 70]. Intervention contents are displayed in
Fig. 1 and Table 1.

Supervised period (week 0–4)
Participants took part in a combination of supervised
running session and group meetings with a total dur-
ation of 120 min. One supervised session is conducted
during week 0 (introduction to the intervention), three
supervised sessions during the second week, two super-
vised sessions plus one non-supervised exercise during
week 2–4, respectively. Running lasted 30min and
participants could choose a standardized interval-based
training or endurance training. Both training methods
were conducted with moderate intensity, which was
tracked by a heart rate monitor (Polar Electro GmbH; A
300) combined with a chest strap (Polar Electro GmbH;
H7) and the Borg Rating of Perceived Exertion (RPE)
Scale [71]. Moderate intensity was defined as 60 to 80%
of maximum heart rate, subtracting age from 220 [72]
and from nine to 14 on the RPE Scale [71]. Participants
engaged in additional 30-min, moderate-intensity, non-
supervised exercise.

Non-supervised period (week 5–12)
During the non-supervised period, participants engaged
in 30-min, moderate-intensity, non-supervised exercise
two to three times a week, which was accompanied by
an activity diary and weekly phone calls with one study
therapist, intending to maintain motivation, volition, and
adherence to exercise. A session for participant’s
supporters (e.g., friends, partner) was scheduled in week
5 to inform them about the possibilities to aid the par-
ticipants in transforming their intentions into action. A
final group meeting with a running session took place in
week 12 in order to exchange experiences and to en-
courage participants to maintain regular exercising.

Attendance and adherence
Participants performed 30 min non-supervised exercise if
they missed a supervised running session. Contents of
group meetings were repeated in one-to-one sessions
(by phone or face-to-face). The assessment of the
amount of exercise (see Procedure) served as a measure
of adherence during the non-supervised period (see
Table 3).

Therapists
All main therapists were master’s degree psychologists
with either fully approved in psychological
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psychotherapy or in advanced postgraduate training for
CBT. Assistant therapists were graduate students of
psychology. All therapists were trained in the back-
ground and contents of ImPuls und supervised by an ex-
ercise therapist and a psychotherapist.

Potential risks and benefits of the intervention
Most common risks associated with exercise are cardio-
vascular events and musculoskeletal injuries [73]. Inter-
mediate and long-term potential benefits of exercise are
improved physical health, such as prevention of diabetes
(e.g., [74]) and improved mental health, such as the
reduction of depressive symptoms (e.g., [75]). Further-
more, majority of individuals are exposed to greater risk
by not exercising. Indeed, sedentary behavior seem to be
associated with a higher risk to develop mental disorders
[76, 77] and reduced physical health [78]. Since all par-
ticipants of the current intervention needed to receive a
medical consultation prior to the intervention, the po-
tential risk of exercise on physical health was minimized.
Therefore, potential benefits seemed to outweighs the
risks of participation in the study.

Data diagnostics
Individuals from both study arms, who fulfilled any
exclusion criteria (i.e., change of treatment, contraindica-
tions for exercise) during the intervention, were ex-
cluded from post-data collection, 18.1% (n = 13). Since
the current study contained exclusion criteria that could
change during study participation (e.g., change of treat-
ment), data from participants, who did no longer meet
eligibility criteria needed to be excluded from post-data
collection in order to reduce the risk of bias in the inter-
vention effect estimate [79]. Missing data was assessed at

Fig. 1 Intervention procedure of the group exercise intervention. Dark grey boxes represent group meetings combined with supervised aerobic
exercise (starting session 3) and the supporters’ session (session 14 in week 5). Session 1 contains an introduction into the intervention. Session 15 is
conducted in week 12. Light grey boxes represent non-supervised exercises or resistance training, which can be conducted as participants’ first non-
supervised exercise (session 6). The phone represents the weekly phone contact from week 5–12. Week 1–2 mainly aimed to increase motivation,
week 2–4 mainly increase volition. Week 5–12 aimed to transfer motivation and volition for exercise into participants’ daily life routines

Table 1 Overview of behaviour change techniques of the
group exercise intervention

Focus Technique

Motivational (mainly
week 1–2)

Education about positive and negative
effects of exercise

Education about optimal modalities of
exercise to experience positive psychological
effects

Selection of a preferred activity

Goal setting

Self-monitoring of goal achievement

Reflection about positive experiences/effects
with/of exercise

Volitional (mainly week
3–4)

Identification of barriers to exercise

Techniques to overcome barriers

Social support (intervention group and
trainers)

Exercise self-monitoring (optimal modality)

Motivational and
volitional (week 5–12)

Social support (family, friends, trainer)

Self-monitoring of goal achievement

Exercise self-monitoring (optimal modality)
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scale level. Linear mixed models, using maximum likeli-
hood estimations, were conducted to handle missing
data (also participants’ data of those who were excluded
from post-data-collection). Linear mixed models, based
on all observed data, can be a valid and unbiased
method to handle data that is missing at random [80].
Potential outliers were identified through three mea-

sures: Leverage, Cook’s Distance, and Studentized Resid-
uals. Cases with greater than three time the average
leverage, cook’s distance greater than 1, and studentized
residuals greater than 3 [81, 82], were considered as po-
tential outliers or influential data points. To evaluate the
influence of potential outliers on results of linear mixed
models, they were calculated again without cases that ei-
ther exceeded the cut-off value of all three measures, or
exceeded the cut-off values of cook’s distance and lever-
age, or exceeded the cut-off value of cook’s distance.
Post-difference and interaction-effect sizes were then
compared to those of linear mixed models including the
complete data set.
Assumptions of linear mixed models and linear regres-

sions (i.e., linearity, normality of the residuals, homosce-
dasticity, and multicollinearity) were visually inspected.
If residuals of linear mixed models were not normally
distributed, data was log-transformed.

Analytic strategy
For data preparation the Statistical Package for Social
Science (IBM SPSS, Inc., Chicago, IL, USA, version 26)
was used. Statistical analyses were carried out using R
(version 4.0.3) and RStudio (version 1.1.453). Descriptive
statistics were used to analyze sample characteristics and
dropout rates. Baseline differences between groups and
between those that completed the study versus dropped
out were analyzed using two-tailed t-tests for independ-
ent samples (continuous variables), Chi-scared tests or
fisher’s exact tests (categorical variables).
Differences between groups on primary and secondary

outcomes changes were analyzed as intention-to-treat
(ITT) analysis with linear mixed models using the lme4
package [83] in R. Models used maximum likelihood as
the estimation technique. Models included treatment
group, time point and time point-by-treatment group
interaction as fixed effects. Intercepts were included as
random effects. An unstructured covariance matrix
was assumed. Post-hoc tests for post-treatment-
differences between groups were carried out using
two-tailed t-test for independent samples. For post-hoc
tests of the secondary outcome, a Bonferroni correc-
tion was used. Effect sizes for differences between
groups (intermediate-, post-treatment-difference ef-
fects and interaction effects) were calculated according
to Cohen’s d [84].

An additional analysis inspected clinically relevant
changes of participants’ symptomatology. Clinically rele-
vant changes were defined as a change on the GSI from
pre-treatment to post-treatment assessment of at least
0.26 [58].
Sufficient statistical power enabled exploratory ana-

lyses that examined the efficacy of exercise on depres-
sion for subgroups of participants diagnosed with
depressive disorders. Additional exploratory analysis
(per-protocol analysis) tested the predictive value of the
change of the amount of exercise on primary outcomes
changes. Linear regressions were calculated with change
of exercise (post-treatment assessment – pre-treatment
assessment) as a predictor variable and primary out-
comes changes (pre-treatment assessment – post-
treatment assessment) as criterion variables.

Results
Participant flow during the study
In total, 106 individuals were assessed for eligibility.
Of those assessed, 30.2% (n = 32) were excluded and
69.8% (n = 74) were eligible for participation. Those
eligible were randomly assigned to the intervention
group, 51.3% (n = 38), or control group, 48.7% (n =
36). 5.3% (n = 2) of participants of the intervention
group were removed from the analysis due to a
wrong diagnosis at pre-treatment assessment (comor-
bid lifetime eating disorder, 2.6% (n = 1), and a co-
morbid alcohol use disorder, 2.6% (n = 1) [79]. This
led to an ITT efficacy group of N = 72 (50.0% (n = 36)
of patients in the intervention group vs. 50.0% (n =
36) in the control group) (see Fig. 2).

Participant characteristics at baseline
Baseline characteristics of the studied sample are reported
in Table 2. There were no significant baseline differences
between intervention group and control group. Dropout
rates of the control group were higher compared to the
intervention group, but not statistically different. Com-
pared to the intervention group, participants of the con-
trol group dropped out more frequently due to treatment
change without reaching statistical significance (see
Table 2 and Fig. 2). There were no significant baseline
differences between study completers and dropouts
(Additional file 1). There were no serious adverse events.

Statistics and data analysis
Missing data was missing completely at random
(MCAR) (χ2 (14) = 12.33, p = .580). 106 (14.7%) values of
primary and secondary outcomes were incomplete. Per-
protocol analyses for each primary and secondary
outcome were conducted as sensitivity analyses, using
linear mixed models (Additional file 2), to examine
the robustness of the results.
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Ten cases were detected as potential outliers in the
linear mixed model with the GSI (SCL-90-R) as criterion
variable and four cases in the linear mixed model with
the global sleep quality score (PSQI) as criterion vari-
able. No cases were detected as potential outliers in the
mixed models with exercise (BSA questionnaire) as cri-
terion variable. Excluding potential outliers did not
change direction, nor significance of intervention effects
(Additional file 4). Intervention effects on the global

sleep quality score increased from moderate to large
effect size (cohen’s d for post-treatment-difference be-
tween groups) when potential outliers were excluded.
Therefore, potential outliers were not excluded from
analyses.

Efficacy of the intervention
Results of all primary and secondary outcomes and sub-
group analysis, including effect sizes, are presented in

Fig. 2 CONSORT flow diagram: profile and enrollment and flow through the randomized controlled trial of group exercise intervention versus a
passive control group for individuals with mental disorders
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Table 3. The interaction effect of group by time was sig-
nificant for global symptom severity, F (1, 53) = 7.93, p =
.007, 95%CI[− 0.50,- 0.08], depression, F (1, 55) = 6.30,
p = .015, 95%CI[− 0.82, − 0.09], anxiety, F (1, 54) = 10.12,

p = .002, 95%CI[− 0.36, − 0.08], and sleep quality, F (1,
58) = 11.24, p = .001, 95%CI[− 4.68, − 1.19], with larger
decreases in the intervention group. Post-treatment
difference effects were significant for depression, t

Table 2 Baseline demographic and clinical characteristics of participants

Intervention Group Control Group Intervention Group
Compared With Control
Group (N = 72)

(N = 36) (N = 36)

Measure N % N % χ2 df p

Female 25 69.4 27 75.0 0.28 1 .599

Married or partnered 25 69.4 24 66.7 0.06 1 .801

High school 31 86.1 25 69.4 2.89 1 .089

Employmenta 33 94.3 31 88.6 .673h

Diagnosis .866h

Depressive disorders (single)b 13 36.1 11 30.6

Depressive disorders (comorbid with
anxiety disorders)c

10 27.8 13 36.1

Panic disorder 2 5.6 2 5.6

Social anxiety disorder 2 5.6 2 5.6

Specific anxiety disorder 2 5.6 0 0.0

Generalized anxiety disorder 1 2.8 0 0.0

Agoraphobia 1 2.8 1 2.8

Obsessive-compulsive disorder 0 0.0 0 0.0

Obsessive-compulsive disorder and
social anxiety disorder

0 0.0 2 5.6

Post-traumatic stress disorder 1 2.8 2 5.6

Primary insomnia 3 8.3 3 8.3

Attention deficit hyperactivity disorder 1 2.8 0 0.0

Clinically raised symptoms (SCL-90-R, PSQI) 36 100.0 34 94.1 .493h

Depressiond, anxietyd, insomniae 21 58.3 17 47.2 0.89 1 .345

Receiving psychiatric drugsf 18 50.0 20 57.1 0.36 1 .546

Dropout 7 19.4 14 38.9 3.29 1 .070

Treatment changeg 3 8.3 9 25.0 .111h

Mean SD Mean SD t df p

Age (years) 37.33 14.23 34.33 12.39 0.95 68.69 .343

Global Severity Index (SCL-90-R) 1.06 0.63 1.02 0.61 0.27 69.91 .790

Sleep Quality (PSQI)e 9.67 3.66 8.62 3.15 1.28 68.04 .204

Latency pre-treatment – initiation (days) 21.94 17.21 24.36 26.44 −0.46 60.15 .648

Note. SCL-90-R Symptom Checklist-90-Revised, PSQI Pittsburgh Sleep Quality Index
a For employment, the number of participants was n = 35 for the intervention group and n = 35 for the control group because of incomplete data at
pre-treatment assessment.
b Depressive disorders (single) includes all participants diagnosed with a single depressive disorder.
c Depressive disorders (comorbid with anxiety disorders) includes all participants diagnosed with depressive disorder and comorbid anxiety disorders.
d Depression and anxiety levels were classified as clinically raised when t-values of the sub-scales depression and anxiety of the SCL-90-R were greater or equal to
60 (reference group: healthy men, aged between 35 and 44).
e Symptoms of insomnia were classified as clinically raised when the cut-off value of five of the total sum score of the PSQI were reached. For clinically raised
symptoms and sleep quality, the number of participants was 36 for the intervention group and 35 for the control group because of incomplete data at pre-
treatment assessment on the PSQI.
f For receiving psychiatric drugs, the number of participants was n = 36 for the intervention group and n = 35 for the control group because of incomplete data at
pre-treatment assessment.
g Treatment change is defined as the start of psychotherapy, inpatient treatment or psychopharmacological change.
h Fisher’s exact test was used as a replacement for the chi-square test because the frequency of one or more cells was less than 5
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(114) = 2.18, p = .031, and sleep quality, t (121) = 2.13,
p = .035, with lower scores in the intervention group.
Post-treatment difference effects for global symptom
severity, t (105) = 1.68, p = .096, and anxiety, t (110) =
1.88, p = .063, were moderate, with lower scores in the
intervention group, without reaching significance.
The interaction effect of group by time was significant

for the mean amount of exercise, F (2, 115) = 16.50,
p < .001, 95%CI [1.41, 3.61], with larger increases in the
intervention group. Bonferroni-corrected intermediate-
treatment difference effect, t (167) = − 5.83, p < .001, and
post-treatment difference effect, t (170) = − 5.04, p < .001,
were significant, with higher scores in the intervention
group.

Compared to participants of the control group, more
participants of the intervention group revealed clinically
significant changes of symptomatology, without reaching
statistical significance (χ2 (1) = 3.61, p = .058.
In a subgroup of participants with depressive

disorders, the interaction effect was significant for
depression, F (1, 37.48) = 5.74, p = .022, 95%CI[− 1.01,
− 0.09], with larger decreases in the intervention
group. The Post-treatment difference in this subgroup
was significant, t (75) = 2.75, p = .008, with lower
scores in the intervention group (see Table 3). Across
both groups, the change of the mean amount of
exercise from pre- to post-treatment assessment
significantly predicted the change of global symptom
severity, b = .35, t (49) = 2.61, p = .012]. Predictions

Table 3 Marginal means, confidence intervals, effect sizes, and results of linear mixed models analyses

Intervention Group
(N = 36)

Control Group
(N = 36)

Change from Baseline in
Intervention Group
Compared With Control
Group (N = 72)

Measure and Assessment Point Mean SD 95% CI Mean SD 95% CI da B 95% CI db

Global Severity Index (SCL-90-R) −0.30 −0.50,-0.08 0.77**

Pre-treatment 1.06 0.59 0.87,1.26 1.02 0.59 0.83,1.22

Post-treatment 0.67 0.55 0.47,0.87 0.93 0.51 0.71,1.14 0.48

Depression (SCL-90-R) −0.46 −0.82,-0.09 0.68*

Pre-treatment 1.57 0.85 1.29,1.85 1.60 0.85 1.32,1.88

Post-treatment 0.94 0.80 0.65,1.24 1.43 0.76 1.11,1.76 0.63*

Anxiety (SCL-90-R)c −0.22 −0.36,-0.08 0.87**

Pre-treatment 0.60 0.35 0.49,0.72 0.56 0.35 0.44,0.67

Post-treatment 0.36 0.33 0.24,0.48 0.53 0.31 0.40,0.67 0.53

Sleep Quality (PSQI) −2.94 −4.68,-1.19 0.88**

Pre-treatment 9.67 3.31 8.57,10.76 8.67 3.29 7.57,9.77

Post-treatment 6.47 3.21 5.29,7.65 8.41 3.12 7.09,9.73 0.61*

Exercise (BSA questionnaire)c 2.51 1.41,3.61 0.82***

Pre-treatment 1.82 1.82 1.22,2.42 1.72 1.82 1.12,2.33

week 9 4.68 1.80 4.00,5.35 1.74 1.79 1.04,2.45 1.64***

Post-treatment 4.12 1.80 3.46,4.78 1.53 1.77 0.78,2.27 1.45***

Exploratory Analysis (N = 47)

Intervention Group
(N = 23)

Control Group
(N = 24)

Change from Baseline in
Intervention Group
Compared With Control
Group (N = 47)

Depression (single and with comorbid
anxiety disorders) (SCL-90-R)d

−0.55 −1.01,−0.09 0.78*

Pre-treatment 1.84 0.79 1.51,2.17 2.00 0.78 1.68,2.32

Post-treatment 1.10 0.77 0.77,1.44 1.81 0.71 1.42,2.20 0.95**

Note. SCL-90-R Symptom Checklist-90-Revised, PSQI Pittsburgh Sleep Quality Index, BSA questionnaire Exercise Activity Index of the Physical Activity, Exercise, and
Sport Questionnaire
a Cohen’s d for post- and intermediate-treatment effect.
b Cohen’s d for the interaction effect.
c Log-transformed data due to a skewed data distribution.
d Participants with depression with and without comorbidities.
*p < .05. **p < .01. ***p < .001
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from the change of exercise on the change of
disorder-specific symptoms across both groups and
for each group are displayed in Additional file 3.

Discussion
This RCT compared a group exercise intervention with
a passive control group among 72 inactive outpatients,
suffering from one or more diagnoses of depressive
disorders, anxiety disorders, insomnia, and ADHD.
Compared to the control group, the intervention was
efficacious in improving global symptom severity, de-
pression, anxiety and sleep quality as well as the amount
of exercise with moderate to large effect sizes. Post-
treatment difference effects were moderate to large on
depression, sleep quality and the amount of exercise.
Among participants diagnosed with depressive disorders,
the antidepressant effect of the exercise intervention was
larger compared to the entire mixed sample. Across both
groups, an increase in the amount of exercise predicted
the reduction of global symptom severity, indicating that
those patients who engaged in more exercise showed de-
creased symptom severity.

Efficacy of the intervention
Beneficial effects of the intervention on global symptom
severity suggest that the exercise intervention
efficaciously reduced symptoms across the included
heterogenous sample. On the one hand, there are few
studies that investigated the efficacy of exercise among
outpatients with heterogenous psychiatric diagnoses
[75]. On the other hand, the few existing studies
assessed physical health, rather than mental health as
primary outcomes [85]. Two RCTs assessed quality of
life [86] and general mental health [87] as secondary
outcome. Their results suggested improvements on qual-
ity of life (i.e., physical function score, social function,
emotional role) [86] but not on general mental health
(i.e., psychological distress and well-being) [87]. To the
best of our knowledge, there exists no study investigat-
ing the effects of exercise among a sample with
heterogenous diagnoses that include a clinical valid and
reliable measure to assess global symptom severity.
Whereas the intervention group revealed stronger im-
provements on global symptom severity, compared to
the control group, the post-treatment effect between
both groups was not significant. Since sample size calcu-
lation was based on large effects of exercise on disorder-
specific symptoms among included disorders, power
might have been to small to detect treatment effects on
global symptom severity across disorders at post-
treatment assessment.
Interaction effects of the current intervention on glo-

bal symptom severity are similar to those of recent
meta-analyses [27, 28, 29, 30, 31], evaluating the efficacy

of transdiagnostic psychological treatments among pa-
tients with depressive disorders and/or anxiety disorders
over comparison or control interventions (i.e., diagnosis-
specific intervention control, treatment-as-usual, or a
waitlist control). Results of these previous studies re-
vealed moderate to large effects on clinical measures
assessing symptom severity across included disorders
(i.e., depression-anxiety scales, quality of life).
Supporting the assumption of the transdiagnostic effi-

cacy of the intervention, our results demonstrated that
the intervention improved one underlying process across
included disorders with large effect size: poor sleep
quality [21, 22]. This result is similar to a recent meta-
analysis of RCTs [34] which demonstrated large benefi-
cial effect of exercise on sleep quality among people with
various psychiatric disorders. Nonetheless, the analysis
included primarily RCTs assessing the effects of exercise
on sleep quality among study samples with specific diag-
noses. Only one RCT [88] included participants with a
primary diagnosis of a depressive disorder with and
without comorbid anxiety disorders. Similarly, another
recent meta-analysis [89] that investigated the effects of
exercise on various underlying processes across psychi-
atric disorders, mostly included participants with specific
diagnoses or even non-clinical samples. Thus, the
findings of our study therefore expand on the results of
recent meta-analyses by demonstrating effects on one
underlying process across a clinical sample with
heterogenous psychiatric disorders.
Correspondingly, our results suggest disorder-specific

efficacy by improving symptoms of depression, anxiety
and insomnia. The moderate antidepressant effect of the
intervention at post-treatment assessment is smaller
compared to prior meta-analytical findings suggesting a
large antidepressant effect of exercise, over non-active
controls [36]. In contrast to our study, prior studies in-
cluded samples with a primary diagnosis of a depressive
disorder only [36]. Although the large antidepressant ef-
fect among patients with a primary depressive disorder
have been consistently demonstrated in prior studies
[35, 36], to the best of our knowledge, the antidepressant
effect of exercise among anxiety disorders, insomnia,
and ADHD has not been investigated yet. When analyz-
ing the antidepressant efficacy of our exercise interven-
tion among the subsample with a primary diagnosis of a
depressive disorder, the effect size is comparable to prior
studies [36]. The mean change of anxiety symptoms
among the intervention group across the entire mixed
sample was large, compared to the control group. Prior
exercise trials have reported moderate interaction effects
of exercise on anxiety symptoms among patients with
anxiety disorders, over non-active controls [38]. This re-
sult may suggest that the current exercise intervention
might have been more efficacious in reducing anxiety
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across heterogenous disorders than prior exercise trials
that included only anxiety disorders [38]. However, this
assumption needs to be considered with caution due to
different sample characteristics and exercise modalities.
The post-treatment difference effect between the

intervention group and control group on anxiety was
not statistically significant. As stated above, the power
analysis was based on the median effect size for
disorder-specific effects of exercise across depressive dis-
orders, anxiety disorders, and insomnia. Beneficial effects
of exercise on anxiety seem to be smaller than those for
depression [35] and insomnia symptoms [39]. Further-
more, it appears that effect sizes differ across different
anxiety disorders [37]. Therefore, the a-priori deter-
mined sample size might have been underestimated to
detect treatment effects on anxiety across the
heterogenous sample. The large post-treatment effect of
exercise on sleep quality among the intervention group,
compared to the control group, is comparable to prior
meta-analytical findings investigating the effect of
exercise on sleep quality in patients with insomnia, over
non-active controls [40]. In comparison to meta-
analytical findings investigating disorder-specific effects
of CBT, over non-active controls, our results showed
similar efficacy for depression among depressed partici-
pants [90] and sleep quality among the entire mixed
sample [91].
The efficacy on global symptom severity and under-

lying mechanisms across the sample as well as
disorder-specific efficacy of the current exercise inter-
vention, suggests that exercise might be able treat a
broad range of heterogenous diagnoses with and with-
out comorbidities. Our study results further suggest,
that exercise interventions do not necessarily be tai-
lored to a specific psychiatric disorder referring to ex-
ercise modalities (i.e., type, frequency) to efficaciously
treat disorder-specific symptoms or underlying pro-
cesses across disorders. Rather, exercise modalities,
that have shown therapeutic efficacy among single
psychiatric disorders (i.e., two to three times per
week, for 10 weeks, at a minimum of moderate inten-
sity and a duration of 30 min, partially supervised or
non-supervised, solely aerobic or aerobic combined
with resistance training [33, 35, 37, 43]) seem to be
adoptable to the treatment of heterogenous diagnoses
with and without comorbidities. Similar to the effi-
cacy of transdiagnostic psychological interventions,
this may result in a faster and easier dissemination,
compared to disorder-specific treatments, because
there is no need to learn and apply multiple treat-
ment protocols for different specific disorders [12].
Thus, exercise interventions may improve the existing
treatment gap in mental health care [11] by offering
an efficacious and effective treatment.

Effects on exercise behavior
Study results demonstrated that the current exercise
intervention was highly efficacious in increasing the
amount of exercise, even when participants were not su-
pervised. This is in line with a recent systematic review
[46] and Editorial [48], suggesting that exercise interven-
tions, combined with BCTs, are efficacious in increasing
the amount of exercise. To date, there are only a few ex-
ercise interventions for individuals with psychiatric dis-
orders integrating BCTs [46, 85] and only approximately
one quarter of those seem to efficaciously increasing
participant’s amount of exercise [85]. The frequent fail-
ure to increase exercise behavior among patients with
psychiatric disorders may be related to a lack of motiv-
ation and exercise-related self-regulatory skills (i.e., vol-
ition) in this population [49]. A large proportion of
outpatients in Germany do not exercise on a regular
base [92]. Thus, the integrated BCTs in our intervention
seem to be adequately tailored to outpatients to improve
their deficiencies in motivation and volition regarding
exercise.
Results of our explorative analyses demonstrated a

prediction of symptom reduction by an increase of the
performed amount of exercise, indicating that the
change of exercise might indeed be one specific mode of
action of the therapeutic effects. This moderation effect
is often assumed in the exercise literature, however only
very few trials do report such effects. As far as we know,
only one of the recently published high quality RCTs
[45] did show changes of exercise as the specific mode
of action of the effects of exercise interventions. In
addition to the increase of exercise, results suggest also a
maintenance of exercise behavior because participants
were still exercising even when they were not supervised.
Since there is a lack of follow-up studies of exercise in-
terventions or an absence of measures for exercise be-
havior, little is known about the maintenance of exercise
behavior due to the conduction of exercise interventions
combined or without BCTs [85]. As mentioned in the
introduction, beneficial effects of exercise seem to be
maintained only when exercise behavior has changed
sustainably [45]. Since participants were still exercising
during the non-supervised period of the intervention,
participants might have integrated regular exercise into
their daily life routines. Since the amount of exercise
was assessed 5 weeks and 2 months after the supervised
period, no general conclusions can be drawn about the
long-lasting exercise behavior.

Feasibility of the intervention
Results of this study not only suggest efficacy of the
current exercise intervention but also its feasibility in a
realistic outpatient setting. First, the study sample
included a realistic outpatient sample, waiting for
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psychotherapeutic treatment, with heterogenous, highly
prevalent psychiatric disorders with and without comor-
bid diagnoses. Second, approximately half of the partici-
pants of the intervention group revealed clinically
relevant changes of global symptom severity, compared
to less than one quarter of the control group. Third, the
dropout quote among participants of the intervention
group was low. Additionally, only 5.2% (n = 2) of the
intervention group dropped out due to lost to follow up.
Hence, a strong acceptance and few adherence issues re-
garding the intervention can be assumed. The dropout
rate is similar to prior exercise interventions [38, 93] and
lower than other health behaviour change interventions
(e.g., exercise, health education) for individuals with psy-
chiatric disorders, in which the medium average dropout
rate was 45% [94]. The current dropout rate was lower
than those of individual and group CBT interventions (35%).
Most dropouts were reported in outpatient settings [95].
The lower dropout rate in the current exercise intervention
over CBT, might suggest equivalent acceptance of exercise
than CBT among outpatients. Forth, the latency between
pre-treatment assessment and initiation of the intervention
was low, compared to waiting times for psychotherapy of
approximately 5 months in Germany [10]. As stated in the
introduction, prolonged waiting times for treatment are as-
sociated with worsening and chronicity of symptoms and
the development of comorbid diagnoses. Consequently, the
current intervention could be conducted to improve nega-
tive consequences of delayed treatment in Germany. Lastly,
in comparison to an average duration of 19 weeks of prior
exercise intervention for patients with psychiatric disorders
[96], the current exercise intervention was short (12weeks),
including a very short supervised period of 4 weeks. The
total number of 12 supervised sessions is equivalent to the
average treatment duration of CBT among depressive disor-
ders and anxiety disorders [97, 98].
Hence, in addition to the suggested transdiagnostic

and disorder-specific efficacy of the intervention, current
results demonstrated that the exercise intervention
might be feasible treatment among outpatients, that
were waiting for psychotherapeutic treatment in German
health care settings in outpatient units and practices.

Limitations
One limitation of the current study is the use of a pas-
sive control group, which does not allow to control for
non-specific effects of therapy, such as relationship
building or social support. However, the results of our
explorative analyses demonstrated a prediction of symp-
tom reduction by an increase of the performed amount
of exercise, indicating that the change of exercise might
indeed be one specific mode of action of the therapeutic
effects. Second, the measure for global symptom severity
symptoms was comprised of symptoms that were not

characteristic for all included disorders (e.g., aggression).
Therefore, the validity of this metric to assess global
symptom severity among the current sample is disput-
able. However, the GSI is a reliable and valid instrument
to assess clinical global symptom severity across
heterogenous psychiatric disorders and allows to rate
clinically relevant changes of symptomatology [99].
Therefore, the use of this measure was reasonable in this
study because of the inclusion of heterogenous and
highly comorbid psychiatric disorders. Furthermore, the
internationally widespread use of this measure [58] al-
lows to compare study results with international publica-
tions on the effect of various treatments on symptom
severity. Third, eligibility criteria of the current study
allowed for a wide age range. However, participants had
a low average age, which might limit the generalizability
of results to older individuals. Large standard deviations
around the mean value, a large age range (19–63 years)
of the current sample as well as a similar average age of
prior exercise trials [36] might increase the generalizability
of results to older individuals. Forth, although the SCID
was conducted at pre-treatment and post-treatment as-
sessment, we did not include results of the SCID from
post-treatment assessment in our analyses. We intended
to assess clinically relevant changes of symptomatology. If
a diagnosis, that was present at pre-treatment assessment,
had still been present at post-treatment assessment, rele-
vant changes on symptomatology would not have been
able to assess. Therefore, we considered self-reported out-
comes (GSI of the SCL-90-R) as a more valid measure to
assess clinically relevant changes of symptomatology.
Moreover, one eligible participant could meet multiple in-
clusion diagnoses. Thus, the comparison of the number of
inclusion diagnoses between pre-treatment and post-
treatment assessment did not seem as a valid indicator of
treatment responders vs. non-responders. Alternative in-
dicators of treatment responders vs. non-responders,
resulting from analyses of the SCID (e.g., counting of
symptom criteria for depressive disorders) seem to be an
arbitrary and not valid approach.

Strengths
First, the high methodological standard is an important
strength of the study. The study involved an RCT design
with stratified block-randomization, which is considered
as the gold standard to evaluate intervention efficacy
[100]. Equal treatment arms and allocation maximized
internal validity [101]. Strict inclusion and exclusion cri-
teria controlled for factors that may obfuscate outcome
measures [102]. Second, the inclusion of a heteroge-
neous sample with a broad age range and various psychi-
atric disorders allowed for a high generalizability of the
results. The conduction of the intervention in a realistic
outpatient setting, the large number of included patients
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with severe, clinically raised symptoms and comorbid
presentations of psychiatric disorders suggest a valid
representation of the clinical reality [12].

Conclusions
In conclusion, our findings suggest the transdiagnostic
efficacy of exercise across heterogenous psychiatric dis-
orders with comparable effects to transdiagnostic psy-
chological interventions. The transdiagnostic efficacy of
the group exercise intervention “ImPuls”, tailored to and
conducted with heterogenous psychiatric disorders, is
comparable to disorder-specific exercise interventions or
established treatments, such as CBT. The increase of
exercise behavior seemed to be responsible for the thera-
peutic effects of the intervention. The low dropout rate,
the short latency from first meeting to intervention initi-
ation, the small number of supervised sessions, and the
successful increase and maintenance of exercise by
integrating BCTs, may indicate a high feasibility and
acceptance of the current exercise intervention. Due to
the transdiagnostic efficacy and its feasibility within a
real-world outpatient setting, the current exercise inter-
vention may represent a treatment option that could im-
prove the existing treatment gap in the outpatient
mental health care in Germany. Future research is re-
quired to replicate findings with an active control condi-
tion, among older individuals, and additional measures
of global symptom severity. A follow-up study will allow
to assess the maintenance of treatment effects.
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Abstract 

Background: The reduced ability to adaptively respond to stressors (coping) has been 

proposed as an underlying mechanism across psychopathology. It is associated with a reduced 

vagally-mediated HRV (vmHRV) at rest and increased perceived stress. The present study 

investigated the increase in vmHRV and the reduction in perceived stress as potential 

mediators on the previously demonstrated intervention effect of exercise on global symptom 

severity across diagnostically heterogenous stress-related mental disorders.  

Methods: Sedentary outpatients with depressive disorders, anxiety disorders, insomnia and 

attention deficit hyperactivity disorder were randomized to a 12-week standardized exercise 

intervention (n = 38), or passive control condition (n = 36). At baseline and post-treatment, 

global symptom severity (Symptom Checklist-90) as well as resting vmHRV (root mean 

square of successive differences between normal heartbeats) and perceived stress (Perceived 

Stress Scale) were assessed. Linear mixed models and structural equations modeling were 

used for intention-to-treat analyses.  

Results: Among the intervention group resting vmHRV increased (d = 0.89, p = .001) but 

perceived stress did not significantly reduce (d = -0.31, p = .277) relative to the control group. 

The increase in vmHRV partially mediated the intervention effect on global symptom severity 

(ß = -0.05, p = .013).  

Conclusion: Study results established evidence for the improved ability to cope with stressors 

as a transdiagnostic mechanism of action through which exercise interventions achieve their 

beneficial effects on symptoms across stress-related mental disorders.  

The study was registered on ClinicalTrials.gov (ID: NCT03542396, 25/04/2018). 

Keywords: Exercise, vagally-mediated heart rate variability, stress coping, mental disorders, 

outpatient mental health care, transdiagnostic efficacy 
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Introduction 

Prolonged exposure to stressors or severe acute stressful life events are considered as 

a major risk factor for the onset, recurrence, and exacerbation of severe and debilitating 

mental disorders, including depressive disorders (Kendler et al., 1999; Kessler, 1997), 

anxiety disorders (Francis et al., 2012; Moreno-Peral et al., 2014), insomnia (Healey et al., 

1981) and attention deficit hyperactivity disorder (ADHD) (Saccaro et al., 2021). 

Simultaneously, individuals with these mental disorders perceive higher levels of stress 

compared with the healthy population (e.g., Schneider et al., 2020). Due to this reciprocal 

relationship of stress and depressive disorders, anxiety disorders, insomnia as well as 

ADHD, they are often referred to as stress-related mental disorders (e.g., Smoller, 2016). 

This reciprocal relationship could be explained by a vicious circle of stress and 

mental disorders. First, excessive, or persistent activation of the stress system can lead to a 

reduced ability to respond adaptively (i.e., deliberate, context-appropriate and flexible) to 

internal and external stressors (Charmandari et al., 2005; McEwen, 1998) which is also 

referred to as “coping” (Carver, 2011). However, maladaptive responses to stressors (i.e., 

context-inappropriate, exaggerated, or prolonged), hinder successful adaptation and self-

regulation in daily life (Charmandari et al., 2005; Thayer et al., 2009). Therefore, a reduced 

ability to cope with stressors has been associated with psychopathology (Charmandari et al., 

2005). In addition, the appraisal that one's ability to cope with stressors is inadequate 

contributes significantly to the perception of stress (Lazarus & Folkman, 1984). This would 

explain the high level of perceived stress reported by individuals with stress-related mental 

disorders (e.g., Schneider et al., 2020). 
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The ability to cope with stressors can be indexed by the functioning of the 

autonomous nervous system (ANS) (Charmandari et al., 2005). The ANS is divided into the 

sympathetic nervous system and the parasympathetic nervous system (Charmandari et al., 

2005). Heart rate variability (HRV), the variance of the intervals between successive 

heartbeats (Berntson et al., 1997; Malik, 1996), is a result of the balancing action of the 

parasympathetic and the sympathetic nervous systems. Parasympathetic activity can be 

indexed by HRV parameters that reflect the cardiac vagal tone of the parasympathetic 

activity (i.e., vagally-mediated HRV, vmHRV) (Laborde et al., 2017). According to the 

neurovisceral integration model (Thayer & Lane, 2000), resting vmHRV is associated with 

higher-level executive functions that are essential for self-regulation in the presence of 

internal and external stressors. This model proposes that a low resting vmHRV is associated 

with inactivation of higher-level executive functions during emotional stress, whereas high 

resting vmHRV inhibits this inactivation. Therefore, low resting vmHRV is associated with 

a reduced ability to cope with stressors, whereas high resting vmHRV facilitates adaptive 

and flexible responses to stressors (Arnsten & Goldman-Rakic, 1998; Thayer et al., 2012; 

Thayer et al., 2009). Consistent with the psychological concept of stress (Lazarus & 

Folkman, 1984), individuals with lower resting vmHRV report higher levels of perceived 

stress compared with those with higher resting vmHRV (Chihaoui Mamlouk et al., 2021; Sin 

et al., 2016). 

Accordingly, a low resting vmHRV has been found in depressive disorders (Koch et 

al., 2019), anxiety disorders (Chalmers et al., 2014), insomnia (Spiegelhalder et al., 2011) 

and ADHD (Christiansen et al., 2019). Resting vmHRV is lower in individuals with higher 

symptom severity, longer duration of illness and higher number of psychiatric comorbidities 

(Hartmann et al., 2018; Kemp et al., 2012; Toni et al., 2016). In contrast, high resting 

81



vmHRV has been linked to mental health (Beauchaine & Thayer, 2015). Hence, offering 

treatments that increase resting vmHRV while also reducing perceived stress would be an 

efficient approach to improve symptoms across stress-related mental disorders.  

Exercise, defined as “physical activity that is planned, structured, repetitive, and 

purposive in the sense that improvement or maintenance of one or more components of 

physical fitness is an objective” (Caspersen et al., 1985, p. 128), seems to be one promising 

method for increasing resting vmHRV (Aubert et al., 2003; Mosley & Laborde, 2022; 

Sandercock et al., 2005; Toni et al., 2016) and reducing perceived stress (Klaperski, 2018). 

Regular exercise or high physical fitness has been associated with high resting vmHRV in 

healthy individuals (Aubert et al., 2003; Mosley & Laborde, 2022; Sandercock et al., 2005). 

Although evidence about the impact of exercise on resting vmHRV among individuals with 

stress-related mental disorders is sparse, preliminary evidence suggests an exercise-induced 

increase of resting vmHRV in elderly depressed individuals (Toni et al., 2016) and patients 

with anxiety disorders (Gaul-Alácová et al., 2005). Simultaneously, regular exercise is 

associated with lower levels of perceived stress and lower stress reactivity (i.e., self-reported 

and physiological reaction to a stressor) among non-clinical samples (Jacquart et al., 2019; 

Klaperski, 2018; Wunsch et al., 2019). Furthermore, individuals who exercise regularly seem 

to be protected from the negative consequences of acute stressful life events on mental health 

(Gerber et al., 2014). In essence, limited evidence suggests that exercise interventions may 

improve the ability to cope with stressors in individuals with stress-related mental disorders. 

However, this evidence is based on a small number of studies, non-clinical samples or 

disorder-specific samples of depressive disorders and anxiety disorders (Gaul-Alácová et al., 

2005; Jacquart et al., 2019; Toni et al., 2016). Despite evidence suggesting that a reduced 

ability to cope with stressors may be a transdiagnostic mechanism across depressive 
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disorders, anxiety disorders, insomnia and AHDH, little is known about the impact of 

exercise interventions on this ability across these stress-related mental disorders.  

 The transdiagnostic efficacy (i.e., addressing underlying mechanisms of mental 

disorders rather than specific diagnoses (McEvoy et al., 2009, p.21)) of exercise is supported 

by evidence demonstrating efficacy in reducing symptoms across stress-related mental 

disorders (Ashdown-Franks et al., 2020; Zeibig et al., 2021). Meta-analyses of randomized 

controlled trials found a large antidepressant effect in depressive disorders (Morres et al., 

2019), a small to moderate anxiolytic effect in patients with anxiety disorders (Ramos-

Sanchez et al., 2021), a large effect in improving sleep quality in individuals with insomnia 

(Banno et al., 2018) and a small effect on ADHD core symptoms (among children and 

adolescents) (Seiffer et al., 2021) versus non-active or active control conditions. 

Based on the cited evidence, improving the ability to cope with stressors can be 

considered a potential transdiagnostic mechanism of action through which exercise achieves 

its beneficial effects on symptoms across stress-related mental disorders. Nevertheless, the 

mediational mechanism is largely unknown, especially in a clinical population and across 

heterogenous diagnoses. Therefore, we aimed to investigate whether an exercise intervention 

would increase resting vmHRV and reduce perceived stress across diagnostically 

heterogeneous stress-related mental disorders. In addition, it was of interest whether the 

increase in resting vmHRV or the reduction in perceived stress would mediate intervention 

effects of exercise on global symptom severity across the sample. 

The present study is a secondary analysis on the data collected as part of a 

randomized clinical trial examining the efficacy of an exercise intervention, namely ImPuls, 

across depressive disorders, anxiety disorders, insomnia, and ADHD (Zeibig et al., 2021). 

This trial targeted to investigate the efficacy of a 12-week standardized exercise intervention 
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that combines moderate aerobic exercise with techniques for sustained exercise behaviour 

change (Wolf, Zeibig, Giel, et al., 2020; Wolf, Zeibig, Hautzinger, et al., 2020). Compared 

with a passive control condition (i.e., no intervention), the intervention group significantly 

reduced in global symptom severity with a moderate to large effect size (d = 0.77, p = .007) 

and increased in subjectively reported exercise behaviour (d = 0.82, p < .001) from baseline 

to post-treatment (Zeibig et al., 2021).  

For this secondary analysis the following hypotheses were set:  

1. The intervention group would increase more in resting vmHRV and reduce more 

in perceived stress compared with the control group.  

2. The intervention effect on reductions in global symptom severity demonstrated in 

the original study (Zeibig et al., 2021) would be mediated by an increase in 

resting vmHRV and a reduction in perceived stress. 

Methods 

A detailed description of the study methods, particularly of study participants, the 

exercise intervention, the study procedure, and randomization, can be found in the original 

study (Zeibig et al., 2021) and in the study registration (see Trial design).  

Trial Design 

The study was preceded by registration on ClinicalTrials.gov (ID: NCT03542396, 

25/04/2018) and an approval by the local ethics committee for self-reported research 

(Az_Wolf_2018_0108_99). The study was conducted as a randomized controlled trial with 

block-randomization, two treatment arms (intervention group, passive control group) and 

three assessment points (pre-treatment assessment (T1), post-treatment assessment (T2) and 

1-year follow-up (T3)). This manuscript addresses mediators of the exercise-induced 
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intervention effects during the intervention period that were obtained in the ImPuls trial 

(Zeibig et al., 2021). Therefore, T1 and T2 were relevant to the current analyses. Reporting 

of the study followed the Consolidated Standards of Reporting Trials (CONSORT) statement 

(Schulz et al., 2011). 

Measurements 

Global symptom severity 

The Global Severity Index (GSI) of the German version of the Symptom Checklist-

90 (SCL-90-R; Derogatis, 1994) was used to measure participants’ global symptom severity. 

The questionnaire consists of 90 items with nine domains: aggression/hostility, anxiety, 

depression, paranoid thinking, phobic anxiety, psychoticism, somatization, insecurity in 

social contact, and compulsivity. The average rating on all symptom scales is the GSI. The 

GSI can range from 0 to 4 with higher scores indicating higher distress. The GSI has 

demonstrated good internal consistency (α= .97) and construct validity (r= .77) among 

individuals with affective disorders (Prinz et al., 2013).  

Vagally-mediated heart rate variability 

The root mean square of successive differences between normal heartbeats (HRV-

RMSSD) was chosen as an index of vagal tone because, unlike HRV-HF (Hill & 

Siebenbrock, 2009), it is free of respiratory influences and has higher validity in assessing 

vagal tone compared with pNN50 (Laborde et al., 2017; Mosley & Laborde, 2022). 

Furthermore, HRV-RMSSD is the most commonly reported parameter in studies of HRV 

and exercise (Mosley & Laborde, 2022). HRV-RMSSD “[…] is obtained by first calculating 

each successive time difference between heartbeats in milliseconds. Then, each of the values 

is squared and the result is averaged before the square root of the total is obtained” (Shaffer 
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et al., 2014, p. 13). Higher values on HRV-RMSSD are supposed to reflect increased vagal 

tone (Rajendra Acharya et al., 2006). To improve the generalizability and comparability of 

our results, we additionally performed all statistical analyses with HRV-HF (Appendix A).  

Perceived stress  

The Perceived Stress Scale (PSS; Cohen et al., 1983) is the most widely used and 

reliable and valid instrument to assess perceived stress in clinical and non-clinical 

populations (Klein et al., 2016; Schneider et al., 2020). The questionnaire is based on the 

psychological concept of stress (Lazarus & Folkman, 1984). 10 items measure the degree to 

which individuals have experienced their lives as unpredictable, uncontrollable, and 

overloading in the last month on a 5-point Likert-scale ranging from 0 = “never” to 4 = “very 

often”. All items summed up build a total score of perceived stress. Scores can range from 0 

to 40. Higher scores indicate higher perceived stress. 

Procedure 

Written informed consent was obtained prior to participation from all participants. 

Prior to randomization (T1) and within two weeks after the termination of the intervention 

(T2), participants completed online questionnaires and participated in an HRV assessment 

(see HRV data recording and processing). 

Sample size calculation 

The a priori power calculation was based on disorder-specific effects of exercise 

interventions among depressive disorders, anxiety disorders and insomnia (see Zeibig et al., 

2021). An effect size of d = 0.74 was expected (i.e., differences between conditions on 

global symptom severity at T2). The significance level was α= .05, Power: 1-β= .80, 
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allocation ratio N2/N1: ε =1 resulting in a sample size of N = 60 (two-tailed independent t-

test). Considering an expected attrition rate of 18% (Stubbs et al., 2017), the required sample 

size was N = 71. 

HRV data recording and processing 

HRV data recording, processing, and reporting were based on guidelines of Task 

Force from the European Society of Cardiology and the North American Society of Pacing 

and Electrophysiology (Malik et al., 1996) and current recommendations for HRV 

experiment planning, data analysis and data reporting (Laborde et al., 2017). To perform a 

reliable assessment of HRV, participants were instructed to follow a normal sleep routine, to 

not engage in intense exercise the day prior to HRV assessment and abstain from caffeine for 

two hours and from alcohol for 24 hours prior to HRV assessment (Laborde et al., 2017). 

HRV data were recorded using the Electrocardiogram (ECG) and Activity Sensor EcgMove 

3 (Movisens GmbH, Karlsruhe, Germany) (Malik et al., 1996). The sensor was placed below 

the left anterior chest with an adhesive electrode, and ECG data were sampled continuously 

at 1024 Hz. The assessor left the room and data were recorded for a minimum of six minutes 

to obtain at least five minutes of analyzable HRV data, which is the recommended duration 

for short-term HRV recordings to ensure comparability with previous clinical studies 

(Laborde et al., 2017; Malik et al., 1996). A time interval between the start of recording and 

the analysis period was established to reduce the increased participant attention to breathing 

and heart rate that may be triggered by the knowledge that the recording will begin at this 

time (Quintana et al., 2016). Participants were instructed to remain relaxed, to sit without 

speaking or making any movements and to breathe spontaneously (Laborde et al., 2017; 

Malik et al., 1996). The raw ECG data were then visually inspected using the UnisensViewer 
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software (version 1.12.38.0). If the assessor noticed any artifact, the HRV assessment was 

repeated. 

ECG data were imported into Kubios HRV 3.4 software (Tarvainen et al., 2014) to 

calculate HRV parameters. HRV-RMSSD was calculated automatically by the Kubios 

software. Five-minutes segments (Laborde et al., 2017; Malik et al., 1996) were selected for 

analyses with the starting point five minutes backwards from the time when the assessor re-

entered the room. If artifact-free five-minute segments were not available, the start point was 

moved forward with the earliest start point 30 seconds after the assessor left the room. If this 

did not result in five-minute segments, HRV data were not included in the analyses (n = 4). 

HRV data before and after the selected sequence were marked as noise to avoid influence of 

the HRV segment being analyzed. The segment was then visually inspected and non-

detected R-waves were corrected. In addition, technical and misaligned beats were carefully 

eliminated because they can lead to the largest HRV parameter errors after automatic artifact 

correction (Lipponen & Tarvainen, 2019). Evidence based automatic artifact correction was 

then used, which is based on time-varying thresholds and can detect ectopic, long, short, 

missed, and extra beats with nearly 100% accuracy, was used (Lipponen & Tarvainen, 

2019). Detected artifacts were then visually inspected to verify accuracy (Laborde et al., 

2017; Nunan et al., 2010).  

Statistical analyses 

The Statistical Package for Social Science (IBM SPSS, Inc., Chicago, IL, USA, 

version 26) were used for data preparation. R (version 4.0.3) and RStudio (version 1.1.453) 

were used for statistical analyses. Missing data were assessed at scale level/HRV index. To 

assess the mechanisms of missingness, we performed Little’s test of missing completely at 
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random (MCAR). All analyses were performed on the intention-to-treat sample using the 

(full-information) maximum likelihood method that is offered in the R packages;  lme4 for 

linear mixed models (LMM; Bates et al., 2015) and lavaan for structural equation modeling 

(SEM; Rosseel, 2012). Since all obtained values were plausible, we did not exclude any 

observations as outliers for the main analyses reported here. However, as we found potential 

outliers (data points with greater than three time the average leverage, cook’s distance 

greater than 1, and studentized residuals greater than 3 (Cook & Weisberg, 1982; Pituch & 

Stevens, 2016); n = 1 for HRV-RMSSD, n = 5 for PSS), we performed a sensitivity analysis 

to see if the inclusion and exclusion of the potential outliers affected the results (Appendix 

B). Furthermore, we reported the results of per-protocol analyses in Appendix C. Descriptive 

statistics were used to analyze sample characteristics and dropout rates. Baseline differences 

between groups were analyzed using two-tailed t-tests for independent samples (continuous 

variables), Chi-scared tests or Fisher’s exact tests (categorical variables). Statistical 

significance was defined as a p-value < 0.05. 

LMMs were used to test differences between groups on resting HRV-RMSSD and 

perceived stress. Models included condition, assessment point and their interaction 

(assessment point x condition) as predictors. A random effect was assumed only on the 

intercept. For the LMM predicting HRV-RMSSD, baseline variables of age, gender and 

smoking were used as covariates because these variables are known to influence HRV 

(Laborde et al., 2017). Assumptions of LMMs were visually inspected. If residuals of LMMs 

were not normally distributed, data were log-transformed. Post-hoc tests for differences 

between the two conditions at T2 were carried out using two-tailed t-test for independent 

samples. Effect sizes were calculated according to Cohen’s d (Cohen, 1988) based on 

estimated marginal means. 
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To establish the mediational role of the ability to cope with stressors and perceived 

stress (Hypothesis 2), we used SEM with the group allocation as the predictor and with 

global symptom severity as the outcome. We selected the mediator based on the results of 

the LMM – a mediator was included in SEM if improved significantly by the intervention 

(Baron & Kenny, 1986).  The mediators and outcome were specified as the simple changes, 

i.e., T1 being subtracted from T2 scores (Valente et al., 2021). We were interested in the 

following three effects: the direct effect (i.e., effect of the intervention on global symptom 

severity after controlling for the mediators), indirect effect (i.e., the product of the effect of 

the intervention on a mediator and that of the mediator on global symptom severity), and 

total effect (i.e., the sum of the direct and indirect effects). If normality was expectedly 

violated and potential outliers were present, a robust estimator (maximum likelihood 

estimation) was used, which has statistical advantages over bootstrapping (e.g., provides 

robust standard errors and robust model fit indices) (Rosseel, 2012). As sensitivity analysis, 

we computed bootstrapped standard errors for the three (direct, indirect, and total) effects 

with 5000 iterations (see Appendix D).  

Results 

Participants 

The flow of participant recruitment and data collection is shown in Figure 1. At T2, n 

= 1 participant of the intervention group did not fill out questionnaires but participated in the 

HRV assessment. 

[insert Figure 1] 

Baseline characteristics of the studied sample are reported in Table 1. Among others, 

reported baseline characteristics include important variables that might influence HRV 
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measurement (Laborde et al., 2017). Participants of the control group dropped out more 

often than those of the intervention group. Neither the two conditions nor completers vs. 

dropouts differed with respect to baseline characteristics (Table 1 and Appendix E). No 

adverse events were reported by therapists or participants during the study. 

[insert Table 1] 

Missing values 

We assumed missing data to be missing at random (χ2(32) = 14.87, p = .996). At T1, 

6 (2.8%) and at T2, 67 (31.0%) values of all outcomes (vmHRV, perceived stress, GSI) were 

incomplete.  

Data of vagally-mediated heart rate variability 

Overall, 2.4% (n = 3) of the total HRV data (N = 124) could not be analyzed because 

30-second artifact-free segments were not available, which are required to analyze segments 

with Kubios. In addition, 3.23% (n = 4) of HRV data could not be included in the analysis 

because the sum of artifact-free segments was shorter than five minutes. of the HRV data 

that could be analyzed, the software detected 0.9% (SD = 3.18%) as artifacts after excluding 

misaligned beats or technical artifacts. 

Intervention effects on vagally-mediated heart rate variability and perceived stress  

Table 2 shows results of hypothesis 1. The interaction effect of group by time was 

statistically significant for resting HRV-RMSSD (F(1, 57.67) = 11.35, p = .001). The 

intervention group showed a significantly greater increase in resting HRV-RMSSD from T1 

to T2 assessment compared with the control group with moderate to large effect size. The 

post-hoc analysis on the group differences at T2 revealed a moderate effect for resting HRV-
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RMSSD reaching statistical significance, with higher scores in the intervention group. The 

interaction effect of group by time was not statistically significant for PSS (F(1, 50.53) = 

1.21, p = .277).  

[insert Table 2] 

Mediation analysis 

First, we tested whether resting HRV-RMSSD and perceived stress covaried through 

the intervention. Indeed, the changes from T1 to T2 were significantly correlated with each 

other: a Kendall rank correlation = -0.28, p = .010. That is, people who showed an increase 

in resting HRV-RMSSD experienced reduction in perceived stress and vice versa. Second, 

we ran SEM with resting HRV-RMSSD as the only mediator because the LMM results 

showed that perceived stress was not significantly responsive to the intervention (see 

Statistical analyses). Since the assumption of multivariate normality might not be met, a 

robust model estimation was used. The estimated model showed excellent fit to the data 

(X2(3) = 2.81, p = .423; RMSEA = 0.00[0.00;0.19]; CFI = 1.00, NFI = 0.86; SRMR = 0.04). 

The results showed that the intervention group experienced a significant increase in vmHRV, 

which was predictive of significant reduction in global symptom severity (see Figure 2). The 

total effect of the intervention was statistically significant (ß = -0.38, p = .003); furthermore, 

we identified a significant indirect effect (ß = -0.06, p = .005) mediated by an increase in 

resting HRV-RMSSD. We also estimated bootstrapped standard errors for the direct and 

indirect effect, which showed overall similar results (see Appendix D).  

[insert Figure 2] 

Discussion 
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This study was a secondary analysis of a randomized clinical trial (Zeibig et al., 

2021) that found a moderate to large effect of the exercise intervention ImPuls on global 

symptom severity across depressive disorders, anxiety disorders, insomnia and ADHD 

compared with a passive control condition. We aimed to examine the effects of the 

intervention on the ability to adaptively respond to stressors (i.e., coping), as measured by 

resting vmHRV (HRV-RMSSD) and perceived stress It was of interest to determine whether 

changes in these parameters would mediate the previously reported effects of the 

intervention on global symptom severity (Zeibig et al., 2021). Compared with the passive 

control condition, the intervention increased resting vmHRV with a large significant effect 

and reduced perceived stress with a small but non-significant effect from T1 to T2. The 

difference between groups in resting vmHRV at T2 was significant with a moderate effect 

size. The increase in resting vmHRV partially mediated the intervention effect on global 

symptom severity.  

As expected, the exercise intervention ImPuls was able to improve the ability to cope 

with stressors across diagnostically heterogenous stress-related mental disorders. However, 

the intervention did not result in a statistically significant reduction in the perception of 

stress. Both indicators showed a significant correlation, indicating that the increase in resting 

vmHRV and the reduction in perceived stress were related. The demonstrated relationship is 

in consistent with the psychological concept of stress, which proposes that the appraised 

ability to cope with stressors (indexed by resting vmHRV in this study) is a major 

contributor to the perception of stress (Lazarus & Folkman, 1984). Accordingly, the 

questionnaire includes items that capture this ability (Klein et al., 2016). The power might 

have been too small to detect significant intervention effects on perceived stress because a 

priori power calculation was based on the effects of exercise on disorder-specific symptoms 
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of mental disorders and not on intervention effects on resting vmHRV or perceived stress. 

Effects of exercise on subjective stress responses may be smaller (median of effect sizes: d = 

0.27) (Jacquart et al., 2019) than on symptoms of depressive disorders, anxiety disorders and 

insomnia (median of effect sizes: d = 0.74) (Kelley & Kelley, 2017; Powers et al., 2015; 

Schuch et al., 2016). Effects on resting vmHRV were large in previous studies among 

clinical and non-clinical samples (median of effect sizes: d = 0.93) (Sandercock et al., 2005; 

Toni et al., 2016). Thus, the current results regarding the reduction in perceived stress and 

the increase in resting vmHRV are consistent with previous studies in clinical and non-

clinical samples. The result of a meta-analysis including 13 studies about the effects of 

regular exercise on HRV in non-clinical samples (Sandercock et al., 2005) suggest a 

moderate within-group effect on resting vmHRV. Similarly, a large effect of an exercise 

intervention on resting vmHRV was found among individuals with depressive disorders 

(Toni et al., 2016). Therefore, it could be suggested that results about the exercise-induced 

increase in resting vmHRV among non-clinical and disorder-specific samples might be 

transferable to samples with diagnostically heterogenous stress-related mental disorders.  

As expected, the increase in resting vmHRV through the exercise intervention 

partially mediated the intervention effect on global symptom severity found in the original 

randomized controlled trial (Zeibig et al., 2021). This finding suggests that an improved 

ability to cope with stressors might be a transdiagnostic mechanism of action through which 

exercise achieves its beneficial effects on symptoms across stress-related mental disorders. 

The finding of a partial mediation indicates that there might be additional factors of the 

intervention that led to improved symptom outcomes (e.g., increase in self-efficacy) 

(Chatoor & Krupnick, 2001; Jacquart et al., 2019). Toni et al. (2016) tested the impact of 

resting rvmHRV on depression status using a correlation analysis. The increase in resting 
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rvmHRV and remission of depression were not significantly associated. Although based on 

an exploratory analysis, the results suggest that the increase in resting-state rvmHRV was not 

due to treatment effects. The opposite results in our study may have been caused by a 

different outcome. While the authors used a cut-off score of the Hamilton Depression Rating 

Scale to define remission (yes/no), we used a continuous variable as the study outcome. 

Continuous variables contain more information than dichotomous ones.  This suggests that 

our results may provide more valid evidence for the mediating role of resting vmHRV on 

treatment effects of exercise interventions. Similar to the cited study (Toni et al., 2016), it is 

common to make assumptions about transdiagnostic mechanisms of action based on 

correlation analyses and/or disorder-specific samples (e.g., Jacquart et al., 2019). Therefore, 

the study results extend the current body of research on transdiagnostic mechanisms of 

exercise interventions by demonstrating that the increase in resting vmHRV partially 

mediated the effect of global symptom severity across a diagnostically heterogenous clinical 

sample. 

Practical implications 

Study results suggest that exercise interventions can increase the ability to cope with 

stressors, which is considered to be an underlying mechanism across common and 

debilitating stress-related mental disorders (e.g., Smoller, 2016). Increasing this ability, in 

turn, seems to be partially responsible for the efficacy of exercise interventions across 

diagnostically heterogenous stress-related mental disorders. Therefore, a major goal in 

developing efficacious exercise interventions for individuals with stress-related mental 

disorders may be to create optimal conditions to increase resting vmHRV. In agreement with 

previous studies (Melanson & Freedson, 2001; Toni et al., 2016), the optimal criteria for 
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efficaciously increasing resting vmHRV are aerobic training of at least moderate intensity 

(optionally in conjunction with strength training), a duration of 12 weeks, and at least two 

training sessions of 30 minutes each per week, performed by trained exercise specialists and 

in group format. To additionally strengthen the efficacy of exercise interventions for stress-

related mental disorders, the intentional use of exercise to cope with stressors could be 

promoted. For instance, knowledge of the potential of exercise to reduce stress could be 

improved. Similarly, participants’ awareness of immediate effects on stress perception after 

exercise could be raised (e.g., through visualization of changes in stress perception before 

and after training).  

Due to their transdiagnostic efficacy, exercise interventions can address the clinical 

reality in which heterogeneous diagnoses and psychiatric comorbidity are rather common 

(Kessler & Üstün, 2008). Compared with treatments tailored to a single diagnosis (i.e., 

disorder-specific interventions), exercise could simultaneously treat diagnostically 

heterogenous samples or individuals with comorbid stress-related mental disorders. In 

addition, clinicians need to learn a single treatment protocol for a broad range of patients, 

which may fasten dissemination (Dalgleish et al., 2020). Consequently, exercise 

interventions seem to be very efficient in the treatment of stress-related mental disorders and 

to meet the needs of clinical reality better than the prevailing disorder-specific interventions 

(Dalgleish et al., 2020).  

Strengths and limitations 

The study has several strengths. First, the inclusion of HRV-RMSSD as a 

physiological measure of the ability to cope with stressors may have reduced potential bias 

from retrospective self-report measures. Second, the inclusion of a diagnostically 
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heterogeneous clinical sample allowed for the evaluation of transdiagnostic mechanisms 

mediating the treatment effects of exercise interventions across a broad spectrum of stress-

related mental disorders. This was important to support the assumption that exercise 

improves transdiagnostic treatment targets, which has usually been studied in non-clinical or 

disorder-specific samples (Jacquart et al., 2019). Third, the mediation analysis using SEM 

allows valid and reliable assumptions about mechanisms of exercise effects, which are 

largely unknown. Therefore, the current results may provide novel insights into how exercise 

intervention achieve their beneficial effects on symptoms across stress-related mental 

disorders. 

However, the study has several limitations that must be considered when interpreting 

the results. First, despite the high standardization of the HRV assessment, we did not control 

for some factors that might have influenced HRV parameters (e.g., time of assessment or 

participants’ posture) (Laborde et al., 2017; van Eekelen et al., 2004). Furthermore, we did 

not objectively measure potentially confounding variables (e.g., normal sleep routine) as 

recommended (Laborde et al., 2017). Second, the a priori power calculation was based on 

the effects of exercise on disorder-specific symptoms of depressive disorders, anxiety 

disorders and insomnia. Therefore, the power to detect significant effects on perceived stress 

might have been diminished. Third, the mean baseline levels of resting vmHRV and 

perceived stress were not lower in participants compared with non-clinical samples (Nunan 

et al., 2010; Schneider et al., 2020). Therefore, it could be assumed that the included sample 

might not have been representative with respect to these parameters (e.g., Koch et al., 2019; 

Schneider et al., 2020). Fourth, more dropouts were recorded in the control group in in the 

intervention group, and overall, there was a high number of missing values at T2 (see 

Missing values). Nevertheless, no difference was found between study completers and 
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dropouts, and missing values were missing at random. The additional use of statistical 

analyses that can validly handle missing data (LLM and SEM) might have reduced the bias 

that could have resulted from differential dropouts and a high number of missing values. 

Fifth, the diagnosis of ADHD was poorly represented in the current sample, which was 

expected given a point prevalence of 0.24% in the adult population in Germany (Global 

Burden of Disease Collaborative Network, 2020). Nevertheless, this might limit the 

generalizability of the results to individuals with ADHD. 

Future directions 

Future research should conduct a similar study with higher standardization of HRV 

assessment (e.g., controlling for participants’ sitting position) to assess the ability to cope 

with stressors even more reliably. The inclusion of a larger sample size, determined a priori 

on effects of exercise on potential mediators of treatment effects, would increase the power 

to detect potential significant intervention effects. A larger sample size would also allow 

subgroup analyses assessing differences in intervention effects on resting vmHRV and 

perceived stress between participants with initial high vs. low levels of resting vmHRV and 

perceived stress, respectively. It would be of interest to assess whether ImPuls improved not 

only the ability to cope with stressors but also physiological stress levels. Although we 

measured an important part of the physiological (i.e., withdraw of parasympathetic activity) 

and psychological stress response (i.e., increased perceived stress), it would be important to 

also measure sympathetic activity (e.g., via pre-ejection period) and the activity of the 

hypothalamus-pituitary-adrenal (HPA) axis (e.g., via cortisol or alpha amylase) to make 

valid assumptions about changes of physiological stress levels (Charmandari et al., 2005). 

Furthermore, investigating different potential transdiagnostic mechanisms, such as anxiety 
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sensitivity or self-efficacy (Jacquart et al., 2019), would allow to assess the largest 

contribution to intervention effects of exercise across mental disorders. This knowledge 

could be used to further improve the efficacy of exercise interventions for diagnostically 

heterogenous mental disorders and may allow the inclusion of other mental disorders with 

similar transdiagnostic mechanisms. A follow-up project is currently being conducted to 

investigate this research question (see Wolf et al., 2021).  

Conclusion 

This study demonstrated large effects of an exercise intervention on resting vmHRV 

across outpatients with depressive disorders, anxiety disorders, insomnia, and ADHD. 

Results suggest that the increase in resting vmHRV may be a transdiagnostic mechanism of 

action through which exercise interventions achieve their beneficial effects on symptoms 

across diagnostically heterogenous stress-related mental disorders. These findings highlight 

that exercise interventions aimed at improving the ability to cope with stressors may 

represent an evidence-based transdiagnostic treatment for diagnostically heterogenous stress-

related mental disorders. The improved ability to cope with stressors as a transdiagnostic 

mechanism of exercise interventions warrants further investigation with a larger sample and 

alternative assessments. 
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Table 1. Baseline demographic and clinical characteristics of participants 

 
Intervention  

group 
(N = 36) 

Control  
Group 

(N = 36) 

Intervention Group vs. Control 
Group  

(N = 72) 
Measure   
  N % N % χ² df p 
Female 25 69.4 27 75.0 0.28 1.00 .599 
Married or partnered 25 69.4 24 66.7 0.06 1.00 .801 
High schoola 31 86.1 25 71.4 2.89 1.00 .089 
Employmenta,b 33 94.3 31 88.6   .673g 
Diagnosis       .866g 
   Depressionc 13 36.1 11 30.6    

   Depression + Anxiety disorder(s)d 10 27.8 13 36.1    

   Anxiety disorder(s) 9 25.0 9 25.0    

   Primary insomnia 3 8.3 3 8.3    

   Attention deficit hyperactivity disorder 1 2.8 0 0.0    

smoking 8 22.2 9 25.0 0.08 1.00 .781 
psychopharmaceuticalsa 18 50.0 20 57.1 0.36 1.00 .546 
Dropout 6 16.7 14 38.9 4.43 1.00 .035 
  Mean SD Mean SD t df p 
Age (years) 37.33 14.23 34.33 12.39 0.95 68.69 .343 
Global Severity Index (SCL-90-R) 1.06 0.63 1.02 0.61 0.27 69.91 .790 
HRV-RMSSDe 36.25 19.17 39.82 19.95 -0.75 65.89 .455 
HRV-HFf 635.85 766.42 1002.77 976.96 -1.66 56.89 .102 
perceived stress (PSS)a,b 23.80 5.18 24.71 5.67 -0.70 67.46 .484 

106



Note. SCL-90-R = Symptom Checklist-90, HRV-RMSSD = root mean square of successive differences between normal heartbeats, PSS = perceived stress scale; aThe 
number of participants was n = 35 for the control group because of incomplete data at pre-treatment assessment; bThe number of participants was n = 35 for the intervention 
group because of incomplete/non-analyzable data at pre-treatment assessment; cparticipants diagnosed with a single depressive disorder; dparticipants diagnosed with 
depressive disorder and comorbid anxiety disorder(s). Anxiety disorders include panic disorder, specific anxiety disorder, generalized anxitey disorder, agoraphobia, post-
traumatic stress disorder, obsessive compulsive disorder, social phobia; eThe number of participants was n = 34 for the control group and n = 34 for the intervention group 
because of incomplete/non-analyzable data at pre-treatment assessment; fThe number of participants was n = 31 for the control group and n = 33 for the intervention group 
because of incomplete/non-analyzable data at pre-treatment assessment; gFisher’s exact test was used as a replacement for the chi-square test because the frequency of one 
or more cells was less than 5. 

 

Table 2. Marginal means, confidence intervals, effect sizes, and results of linear mixed model analyses 

         
 

 Change from T1 to T2 in 
Intervention Group 
Compared With Control 
Group (N = 72) 

Intervention Group  Control Group   
 (N = 36)  (N = 36)    

Measure and Assessment 
Point Mean SD 95%CI  Mean SD 95%CI da p  Bb 95%CI db p 

 
HRV-RMSSDc            0.49 0.20;0.78 0.89 .001  

   T1 3.47 0.56 3.28;3.66  3.61 0.56 3.42;3.80         
   T2 3.67 0.54 3.47;3.88   3.32 0.53 3.10;3.55 -0.65 .047            

Perceived Stress scale           -1.64 -4.60;1.39 -0.31 .277  

   T1 23.80 5.52 22.00;25.60  24.70 5.50 22.90;26.60         

   T2 19.90 5.39 17.80;21.90   22.40 4.78 20.20;24.70 0.49 .093            
Note. HRV-RMSSD = root mean square of successive differences between normal heartbeats; T1 = pre-treatment assessment; T2 = post-treatment assessment; aCohen’s d 
for post-treatment effect between the intervention and control group; bB = interaction effect of time x treatment, d = Cohen’s d for the interaction effect; cMarginal means 
are reported in and post-hoc tests were performed on the log scale; controlled for age, gender and smoking 

 

107



Figure 1. CONSORT flow diagram: profile and enrolment and flow through the randomized controlled trial of 
group exercise intervention versus a passive control group for individuals with diagnostically heterogenous 
mental disorders. 
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Figure 2. Results of the structural equation model with change of HRV-RMSSD mediator of the intervention effect 
on GSI. ∆HRV-RMSSD = change of the root mean square of successive differences between normal heartbeats, 
∆GSI = change in the global severity index, IG = intervention group, CG = control group. Indicated are 
standardized regression coefficients. 
*p<0.05. **p<0.01. ***p<0.001
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Appendix C: Manuscript III 

Zeibig, J.-M., Seiffer, B., Frei, A. K., Takano, K., Sudeck, G., Rösel, I., Hautzinger, M., 

& Wolf, S. (2022). Long-term efficacy of exercise across diagnostically heterogenous 

mental disorders and the mediating role of affect regulation skills. Psychol Sport Exerc, 

102340. https://doi.org/https://doi.org/10.1016/j.psychsport.2022.102340 
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